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Department of AaRicuLTURE, 

Washington^ B, C, A'pril 8, 1880. 
Hon. Jno. W. Johnston, 

United States Senate : 

Sir: I have the honor to acknowledge the receipt of your communi- 
cation of the 24th ultimo, inclosing Senate bill No. 1514, and also the 
resolution introduced by Hon. A. S. Paddock, and adopted in committee, 
requesting the Commissioner of Agriculture "to furnish a written report 
giving all the information in his power in regard to the manufacture of 
sugar from sorghum and Chinese sugar-cane, its cost, the character and 
cost of the machinery necessary, &c., together with statistics of the con- 
sumption and production of sugar in the United States and all matters 
bearing on the subject." 

Eeplying seriatim to these inquiries, I submit the following, in some 
respects hastily-prepared, statement, which, while it is not as complete 
an answer to the resolution as I would desire to 'make, yet is as full as 
can be prepared in the limited time at my -command. 

The introduction and widespread distribution by the department of 
the variety of sorghum called Minnesota Early Amber (the juice of which 
is supposed to granulate more readily than that of many other varieties) 
has given a great impetus within the past two years to the cultivation 
of the sorghum cane and to the manufacture of sugar therefrom. It is 
earUer than any other known variety, ripening its seed in from ninety to 
one hundred days, and (as appears from reports made to the department, 
and in which are given the results obtained in almost every State in the 
Union) yields bountifully an excellent quality of sirup, besides, in many 
cases, good sugar, although aU the operations reported, except the opera- 
tion of F. A. Waidner & Co. at Crystal Lake, El., were carried on with 
open-pan evaporation. It should also be remarked that these reports 
show that the farmers who have raised this variety of cane during the past 
year believe it to be better, from the quality of juice obtained, as well 
as from the quantity per acre, than any other variety previously culti- 
vated. These opinions, however, are the opinions of farmers who have 
-not had the opportunity to make comparative tests, and who compare 
the results with those obtained from former cultivation and manipulation, 
from their recollection rather than from note-books in which experiments 
have been carefully recorded. 
J We have now in the department some thirty-two varieties of sugar- 

producing sorghums and millets, all of which are valuable to a greater or 
less degree, according to the varying soil, climate, cultivation, seasons, 
and process of manufacture. That other valuable varieties of sorghum 
are to be obtained is altogether probable. The so-called Honduras sor- 
ghum is only one of the varieties native to the country of Honduras ; 
and I have information thaiLleiadsune^tiLbelieve that there are several 
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varieties grqwip^in.Cjenj::^^! >ijner'fea and also at the mouth of Rio de la 
Plata, in 5oi;1*li Aliierica; '- li fs not' impossible that varieties superior to 
any we now have may, in a few years, be common amongst us. It is of 
h e highest importance to the country at large that all obtainable varie- 
ties of cane should be carefully and scientifically examined; and, if pos- 
sible, they should be grown in various sqils and climates, that we may 
know which is best adapted to particular localities, which will give the 
best results for the least expense, and which, in the hands of the least 
intelligent, can be most easily manipulated. 

For the northern part of the United States there is probably no cane 
so suitable as the Early Amber ; and, perhaps, it might be said that no 
other variety would ripen sufficiently to yield sugar with certainty (al- 
though it might give good simp) above the latitude of Chicago. Below 
this latitude the Liberian might be planted as auxiliary to the Early 
Amber, while in the latitude of Saint Louis and to the south of it, Hon- 
duras sorghum should be added to the other two varieties ; thus ex- 
tending the season for working the cane intd sugar many weeks beyond 
the period that could be utilized in this way if but one kind of cane 
were planted — ^the Early Amber ripening in about ninety to one hun- 
dred days, the Chinese two weeks later, and the Honduras some five 
weeks after the Chinese, all being planted at the same time. 

Illustrations of the seed-bearing tops of these different varities have 
been prepared for the forthcoming annual report of this department 
and are included in this reply, in inclosure marked A. 

At a meeting of the ^STorthwestern Cane Growers' Association held 
in Minnesota last season, the subject of planting, cultivating, and har- 
vesting Early Amber cane and of its manufacture into sugar was so 
thoroughly discussed that a resume of the proceedings of that conven- 
tion will probably give as much practical information on the question 
as can be condensed into the «ame space. Q^he convention decided that 
as to the kind of seed to be planted in Minnesota there was no room 
for debate, the Early Amber being the only sort that would ripen in 
that high latitude; but the discussion of the characteristics of soil best 
adapted to the cane showed some difference of opinion as to the availa- 
bility of new land. But for fuller information touching these matters 
I would respectfully refer you to inclosure marked B. 

The experimental work done at the department during the past two 
years in examining different sorghums has shown that old ideas in 
relation to the habit of the different varieties of this plant need to be 
corrected in many respects. The chemist of the department has demon- 
strated that there is practically but little if any difference in the juice 
of different varieties; that all varieties produce sugar that can be easily 
granulated, if the cane be taken at the proper period of growth; and 
that the only important question yet to be determined is as to the variety 
that will yield the largest amount in a given soil and climate. The 
Early Amber, the Liberian, the Chinese, and the Honduras, planted 
the past year within the corporate limits of this city, all yielded excel- 
lent results, as will be seen from the following report of the chemist of 
the department, prej^ared for our annual report for 1879 not yet pub- 
lished : 

Hon. W. G. Le Due, 

Commissioner of Agriculture : 

Sir : I have the honor to submit the following results of our recent experiments in 
the manufacture of sugar from the stalks of com, sorghum, and pearl millet, made at 
the Agricultural Department during the year 1879. 

During the past season there haye been made several series of investigations for thf 
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purpose of determining the development of sugar in the juices of several varieties of 
sorghum and of pearl millet, and the results are such as to warrant their being given 
to tne people at the earliest opportunity. 

These investigations appear to demonstrate that there exists little difference het^reen 
tlie various kinds of sorghum as sugar-producing plants ; and, what is quite a sur- 
prising result, each of them is, at a certain period of its development, nearly if not 
quite as rich in sugar as the very best of sugar-cane. It is a matter, also, of extreme 
practical importance that this maximum content of sugar is maintained for a long 
period, and affords sufficient time to work up a large crop. Another result of these 
investigations has been to satisfactorily explain the cause of repeated failure in the 
production of sugar during the past quarter of a century, and to give the assurance 
that in the future such failure neeil not attend this industry. For the purpose of 
making clear the above points, the results obtained in the laboratory and in out-of- 
door experiments are appended. 

The varieties of sorghum grown and subjected to continuous investigation during 
the season were Early Amber, White Liberian, Chinese, and Honduras, and Pea3 
Millet. Besides the above there were made very many examinations of other speci- 
mens of sorghums and corn-stalks ; all the results of which only confirmed the general 
principle above stated, viz, the practical equality and great value of every variety of 
this plant. 

In the following table are given the results of the analysis of each of the plants in 
the successive stages of development. It will be observed that the amount of glucose 
(or uncrystallizable sugar) diminishes, and the amount of sucrose (or true cane-sugar) 
increases. It will also be observed that the plants differ widely in the date when the 
sucrose is at its maximum, but are alike in this, that this maximum is attained at 
about the same degree of developmeut of the plant, viz, at full maturity, as indicated 
by the hard, dry seed, and the appearance of off-shoots from the upper joints of the 
stalk. It is also to be observed that the heavy frost of October 24, which was suffi- 
cient to produce one-half inch of ice, did not cause any marked diminution of sugar. 

For purpose of comparison, analyses are also appended of three varieties of sugar- 
cane received from Louisiana, which arrived in excellent condition, and doubtless 
fairly represented the average character of this famous sugar-pla^t. 

It will be understood that the results of these tables are to be taken as a whole, since 
it was practically impossible to secure in each case specimen stalks for examination 
in the laboratory, the development of which in every case corresponded to the date 
when the plant was cut, and. therefore, it doubtless happened that plants taken from 
the same row upon September 15, for example, wefe in reality no further developed 
than those selected a week earlier, but taken as a whole the several series of analyses 
are convincing as showing the rate and progress of development of saccharine matter 
in the plant. 

By reference to the tables it will be seen that the analyses made of the several 
sorghums under date of October 29, were, after they had been subjected to a very hard 
frost, sufficient to have formed ice one-half inch in thickness, and this cold weather 
continued for four days before this examination was made. As will be seen, there 
appears no diminution of sucrose in either of the stalks examined and no increase of 

flucose as the result of this freezing and continued exposure to a low temperature, 
he examination of November 8 was made after a few days of warm weather had fol- 
lowed this cold spell, and the influence of this subsequent thaw is noticeable in the 
diminution of sucrose and the increase of glucose in each specimen examined. 

From this it would appear that the effect of cold, even protracted, is not injurious 
to the quality of the canes, but that they should be speedily worked up after freezing 
and before they have again thawed out. This is a matter of such practical importance 
that some experiments should be made to learn whether the sirup prepared from the 
juice of frozen cane differs from that prepared from cane not frozen but in other re- 
spects of like quality. 

The Early Amber, Chinese, Liberian, and Honduras sorghums and the Pearl Millet 
examined, mentioned as having been grown upon the department grounds, were all 
planted the same day. May 15, 1879. 

The relative weights of the different kinds of sorghum experimented upon are as 
follows : 

Ponnds. 

Early Amber, average of 40 stalks. ..^ 1. 7.3 

White Liberian, average of .38 stalks 1. 80 

Chinese, average of 25 stalks 2.00 

Honduras, average of 16 stalks 3. 64 

Since these were all grown side by side and upon land presumably of equal fertility, 
it will afford the data for calculating the relative amount of each variety to be grown 
per acre. 





i 


isiSISsilSlii 


Hi 


ss 


I 


les 






«mO»"'ii^'"d iii^i^Si^ i^^^^ii^^il ^i^i 




S3SiS325 :§8s§P?iKi 


% siSS 1 


"""■"" 


-- . 




a[M,QCjo,qST9ii 


3SS33SSS iSiSI ill53 


I 


SS6 i 






BimTirjoiqaiiAi. 


S3SS3S33 iUSS :IHI 


3 


585 
















lOTqm 

19J.»JO',QM19J 


SsSSss I 










ass 1 


7,nqjo,qg,aii. 




: 1 --.SSS SSiUS 


S3S 


1 


•doiJoaqHiJji. 


ill;! I 


i i issi S^^^S 


ss? 


1 


JC-'wR J i;;2553j3!S:»E5!5 555! 






T'"^ 1 


iSSii!liBiss:ssss3 


s i§ii 












a,1,nqjoiq8(3H: """"'J'* ;•! 


:;: n:::^ s^ss:: 


333 


~,Baj 1 «t.«,«o. :n 
n( 'doj JO jqSwH . ■"■■^'J'"'' :»i 


Isi jei^jsisi jrisiiJE^iij 


::: 


BJIina JO iqSiJH ■ -eo^^-i^isS^rf^id.io^-ujri^.j.d^w ss<d<e 


nilWBjojsqraOHl 1 


' 




ifnli 
Wi 

llllif 
llllil 


i 

llliik 


M-' 


1 

11 


; 1:1 

liil 




1 


_ 






III 


3?; 

is 


1 i 


III 





"fliBXl^m JO jflqmnjj 









S2g¥) ; iSKSSSSS ;2gS; 



|::??S^S : :SSSSSS 






k-:i&ns^sssut.>ef 



•fiwS ^gioadB 9B»ioj^ 






sisiiii^lliiiliiiiis iliO 



BOinf joijjiBiB 0B!»9dg 



iSiliiliiI'mi :iiii§ isis 



1 

ill 






fill 

lllll 






6 



•edoj mojg; oonil , 



« ""i** iH l> -^ rs O iM ^ «0 1-1 t- » 'O 

oooooooooooooo 



•9ireo 9.Ti^aa no 
aomL' JO 'iuaa ja j; 



•eO«C<)iM00CMiMC^iNC<l(MMM 



. 1^ CJ ri 

• CO t" QO 

• O O O 



t-rH«OQ0 

« • • • 



'spiiaod m 
'ooral"!jq3i9iiiB;ox 



OQOOOCiStOt»Tf«OCO-^^QO 
OOeOWOO>b-OOT-(XOr-lO>i-^T-H 



iH M * O 
OOCS CO O) 



•B^'^nq mo^ 
9onif JO !mSt9^ 



©OOOO-^tOCOt-OOMOOt- 



^ <« «0 to tA O 



'sdo^ niojj 
ooraC JO :^q»i9^ 



ooo 

CO TO ^ 



CO CO ^ 



»0 00 t> 

r-( (M »0 
CO CO ^ 



•9U'80 in 19(^BM JO 
"^1190 J9d[ 9^BI9AY 



a9:^BM. JO ^a99 J9 j 



oscBt>eoi-iMOOOMt-»»o«^ 



CO— ^ooa-^T-c^Ni-iaoosc^i 
oooot»»t-r>-t-t»t-ot-ot- 



C<IiOiO-^«OTt«i-i'!f>rHOCO«OtO 

^iHOQo<^»oc4o:Doa»i-ico 



00 



■ •••«•*• ••• • 

^C0O«0C<ICJl0<030iHi-l'»1" 

oboor-t-t-t-t-ot-t't-t' 



•dojni 

J9!(Bii JO -t^a99 IQ^ 



eOtO^-a5QO'^»HOOOO»OQOI>35 
OtOt-i-^OOOOOOt^i-tiCCCOOO 



OOCiOt-t*«Ot-l>t»t»t-" 






h> O O) CA 
O i-l 00 tA 



• OJOS ?0 

• to coco 



• C<1 OS to 

• oeo to 

' • • • 

• i-i COQO 

• t- 1» o 



•Wnq JO :jqSt9^ 



•dof^jo^qSra^ 



-^lyjO'NiHocoto •«^«o 

a» CO A a> 94 CO c<i C<l iHCO 



iHiHOO'HOOlOCOlO 
a»94 9>C0OOOO 



ss 



o 



o 



•sponod 
ut 'p9daij!^e 
^ms JO iqSpAV 



53^ (M W00tO(N C0O»COO>tO «00 OiHOOCO 

00 00 to C4 G<l lA 00 '^ 00 C4 C4 CO C<l CO CO CO 00 IM 

iH W CO d d 04 r-1 W i-l Ca W M N C4 CO t-I f-i C«J 






'spiiiiod 
Iij*^pn8j0f»q9i9^ 



caooooooeiot't-ooseotOi-i 

t>^«lOC0«O00^C0»H-^''*»C0 
(N^COCOCOtOff^^CO^^'^COCO 



00 40 ^ O 
oSrHOicO 



•!J99J up 

'iW^q JO j9:^9arBi(x 



iCSCOtOtOCOOO>e<ICOOOi-ltOQO 

ioooot-t-»oi>ooaooooot-oo 

>OOOOOr-IOOOOOOO 



CO COO) to 
00 o >o o 
oooo 



•B^ji^nq JO q^a9i 



»HCO'^COCOCO'<<-H00»0^00 

c<icoc4c4cocococowiHc<icoco!?i 



00 r1 

ff4eo 



00 
CO 



•;>99j 
m'do^ JO q;Sn9i 



CO 

t» 00 CO -"^ •>* to t- «o oj 00 o o CO CO coco 

Ci irf CO -^ -^ OJ ■^ CO CO CO ■^ ■^ 00 CO -^tcS 



•!^99J ni 'mv%9 

p9ddo^ JO q:^Sii9T; 



OOiHb-'«*«COOO'-lt-3SXOT-(COCO 

'<4«odtrScdcdtor^to-<4'tococoto'to 



CO 

CO 



^ ■^ 1-^ ^ 
ft* CO CO 



'IBUB joj pasn 
8inB!j8 JO J9qnra^ 



COCOCOeOCOCOfHCOCOCOCOCOdCO 



NCOCOCO 



B 
Pi 

o 

> 






<A 

O 08 ^ 

s.a« 

« 5 g 
s « » 

_ o © ® 
RpRCQOJ 






00 an 

© 



I 

• H Cv prf 

§ a * 9 
^ ® 9 

00 oora fl - „ _ 

00 ae « ao*^ cS*^ 

© © © © 

© © © s 

QC 03 cose 



© 









© 

.5-1 



>4 

t- © 
§=*© 



I 

<3 



.9 a^ 
5 g a bjD 

S,B a a 

'd tJ •>? "w 

© © © © 
© © © © 



-2 

cS 



COCOCOCSOSOCrCOt-CO'**— 'OJOO 
r-lrt^ rlC-JJ^l t-lCOCO 



"^^JJ*^©©©©^©©©!^ 



iHt-oao 

I— I •— < CO 



© © © © 

CCC/2CCO 






•818 

-i^fBOB JO jaquin^ 






m -^ -H « 



X^c^^ 



iH iH (H C^l N Cl CM 



•uoti.«z 



•8:j:^nq 
'uopjBziJBiocE iCq 



•8do^ 
'iioi!^BZij«iod iCq 



•9oinf ui 
*jBSn8 !>on spJioB 

•!JU9a J9d 9S8J9Ay 



CO S) o 
rH 00 eo 



•ej!>nq 
niojj '9omf ai 



Oi I— ( »a ^ ift 



a ■ ■ 

i-< rt CJ 



'98OJ0nS 

*:^ii9o J9d aSBJOAV 



r-icOCO«e?j 



•9800T1TS 
'!^II99 J9d 92B19A Y 



»0 »H » CJ •^^ 

• • • • • 

lA to ^ tac9 









ifl w o 






XM -^C3 eOQ 
■* O ^1 OS 00 ^ 

■ 00 ff4 c4 iri c4 



t» to CO ' 



t— ( O fC fl> 



lO W 00 i-i M CI C^ 



^H • M "^ ^^ l> W »H 

•«*• •<?ii>e4 CO M w 



la o lA na o >n 

o»t*tnooQo^co 

cceO'^i-Sirf^coM 



lA tA lA 

■^ooi'^o-'taooo 



IC4 



N»— 1^ iH CO 



•8^:^nq 



•edofj 

98(Xl0n8 '^1190 J9 J 



•8:>inq 

980011X3 -^090 I9<J 



t--^tcooo'«*o«ocO'*aj'^iAooco 

c4c0;d«Ar-5t^MO5-^rHlAlAeO'* 

»H ,-< rH r-l i-i r-l rl iH r-l 

«t-COiH3»»A(MNO'«*<t-OOiACO 
i-iN<dr>c4o»A'^^»-I'<*COM5^1 

CaOOC40»C3000»t«eMAOCOQO 

0iC^C<ie0«0t«A^94OC0C0^Q0 
»rf ® »A ■^ CO rt ' iH »-i 1-5 .-i rH 5<i T|» 

C3'a<OW^rHeOS<10aO»-IOr-(0> 
OOOOOrHrHOeOtOe^E-rHWlACO 

odoic4;j«Aoce4t>o6eoaio»adjt 

t>-NOOeOS»iHi-ICO'*rHt-COi-i 
OOOC-OI>t-NC'l'^"^«OCO»» 

«c5aJc<5'*iAi>oc>odoQdodt-^3J 

r-(rHi-li-HNC^i-H5<|r-lr- (tH^H 

i>oa»oco5>«eo«^'-ic<i»-i|>50'* 

CO'«*lA«Dt'r-OOOOOOOOOOt*l>00 

oooooooooooooo 

i-tO0t-CO<M^^-Hi-tOSNI>t>ff'1 

S'^«o«5t-trooooQOt'OOf^30 
0000000090000 



lA t* CO C^l 

'11' 

^j< «0 »A iH 
OOrHOA 



o 
OS (n 

"Tiled 



coid 






WOO 
OO) 

■ • 



C3» 



lA 



Oft t»OQO 

«d«er>od 



CO CO»^ »A 

«di>ciod 



(OOiA 

«d«er> 



OJ rH CO 
CO 00 0} 



r>co o 






•8d0(^ 



a»ooo 

«DrH r-i 



•o^^jnq nio^g 99nif 
m spnos t^ii9o i9 j; 



•sdo^ nioj; 9oraf 
HI spixos •!jil90 JO^ 



r>a>iA 

CO 00 o 

■^(> OJ 

QQ rH rH rH 

C4 

~»A 7 

UO o-^ 

• _• • 

lA <ao 



•ODttif JO £%iA.'ej3 
ogioads 9Sisj9AY 



lA rH|>0 

coco t* 00 

o o o o 



•Bi^f^uq tao^ oomf 
JO X'^iabjS 09p9d^ 



00 iAOO 
lA t- t* 

ooo 



g 

Fl 

Pi 
o 

rH 

p 



c3 

O e3 o 



k^ 08 fl <H 

S £ ■ ;> 
-g ftSco 

33 OS ® ^ 
P S (O « 



-g.S a ® 
2 a * S 



9 C 



bC 



&)-S^ 



oQ m'Vi O o 

OS SQ 00 00 'S 
*© 'C 'w "^ 



3 



oo 

p 



p. 



30 



I. 
I? 



-■ o a w*^ 









C g S W) 

«2.S ® 9 
8 g d 

^ 9 9i 9 

9 9 9 9 

«JCOCQCO 



I 

n 



<0C0iMa»0)WP0Ot»C0'<^rH0)00 
rHrHW rH (M W r-i CQ (N 




<\ 






rH t-OOO 
rH T-( CO 



9 9 9 9 



8 



eomf JO iCijiABjS ogioadg 






ooooooScooooooooo 



o ooo 



•9WBO 911% 

'TLB m 9oiTif JO -i^ueo J8 J 



^lO 






t-eioo>eaio 



rH a -^ op OS 04 

CO ec SO c5 c^ N 



•epnnod 
up 'eciiif JO :^qSiaAi xb^jox 






00C0iHr-lQ4OlA(0X(0 






on»'^ao?40»«o 

o>OT®t-a>io«f5»H'* 

'Ooaooo»oot-t-t>» 



C40C4 10 

CO M CO "N 



oDoo i2? iJn 

00 00^04 



raojj 90]tif JO :>q2i9Al 



tA (O t« CO l>< V O (0 CD 



kftt*9C0OC074C0iAC0 
OSCOS>«5<ICMCOOt*'M 
(N^COtOif5"^eO^COCO 






•BdO{^ 

raoij doraC jo !^qSi9j\\. 



OikA oo(po»oa)co 



^^Tt<lO'^^COCOCOC4 



•9nB0 TIT 
JLQ^'^JA. -^WdO J9d*9S'BJ9AY 



•AM CO 

ocoo 



00 CO 00'^ 



coo !>• 
OOft* 



•^ Ct tH »-( 



^«0( 

CO 00 I 



iHOOO»HiAt-eOb- 
■^C<IOa'^©COrH 



rHot-»H»n»-(cooeooo 



1-10^30 
CO ffl ® -M 

•^T* corn 



sg^'* 



OOIN 



OC^J'^CO 

t- 1- t-co 



''%%VL({ HI 19(^'eA\. JO •^TI90 19 J 



rH coco 
CO 09 CO 



CO M 0»-l .H 
CO t~ O CO 04 



t>?aco-<4<co>HOooa»ooco 



ss 



00 00 



coioweoift 
l>t- 1- 1- 1- 



ffC|»Hlft>HlftC<J«0»-tOC<l»^ 



iH'^CON 



oo 



00 »H ifi ^^ 



-dO!^ HI IQ'^VM.JO ':^n90 J9^ 



0>>H to 






Sg 



OX«t» • t- iHO ooo OOdN O-^ 0> 

t-OiOt» • CO Cvi CO CO Oi O © t> CO CD « 00 

• • • • ' _m ••«•••« . • • « • 

C4 © 1-1 Q •©©©©© lO 0«H 0» lOb- 9» 

t-t*t-3 •cot-t-t-t'C-t-t-coco»co 



spnnod m '^:>nq jo !>qSi9^ 



©0»COtAO»©t«©CO 
©O»©r-I00t*©t*<0 



spimodni 'do:^jo !^qSi9j\^ 



c<ic?cot-?jC9faoQO 



I © r-( »H OS « 0» C- I 



-p9ddu^8 ^ips^B JO :^qSi9ji\^ 



CO tOIA 



s 



oo©"* (M-^ 
O Tj' CO CO "^ 



• ©C<liHOSC<JiH-H-^t«.»H 

• C»4fH©r-IC000CO00»OW 



94C<)C<1 W N W ffvJ N C<J •»H(NC<INiM 



CO ^ CO t* 
OCOC«'<t« 

t- 1- t-«o 



© caoo t^ 
©fHCOCO 



^^ ^^ ^9* ^^ 

©fH'^CO 

■ ■ • • 

rH iH rl r-l 



©CON.H 
•-IMrH t» 

c<5c>ac6c<i 



•epunod 
u; ^I«^8 JO ;qST9JVl 



C^JCOt* 



e<ico©oO'^coco©QO-^©©©coco©ao 

^OOOOS»-l»Ht«iHtH©©lOWCOeOrr»-l 



COffJCvi CO CO CO CO "^ %! CO Ci -^ Tf CO -^ CO CO CO c^ ci 



• ■!jo9j m '!j:^nq %'b J9^9nreia: 



© 



CO 0»ft 

©o © 



t-^gcocp«i 



_ _ _ 00 t* r- t- I 

©©©©©©©' 



CO t- ©rf 

cic4^co 



CO »A/M U5 
00 OO © t« 
© © O © 



•!>99j ni '!>!jnq jo q^n9i 



CO to a» 



X C^COIA 



»0 »f5 © CO CO © CO t? 
e<IC0©C4lN©00r-1©CO©O» 



(NNWC^ 



C0(MCN*(NOJCSIOlC0CilOJC<lrH 



©© © lA 
©■^b-00 

<Nc4csic<i 



•c^99j nj 'do^ JO q:jSu9i 



lA t-»A 

eoiAe4 



©CO t*^- 



lAtC©r-(tAlAOOlA© 
»H©©b-t-(NC-©©eO©"^ 



COCOiAiA 



COffv)COC4(NCOeOCOCOCOCOC4 



»AtH f © 

^T ^'f ^J* ^^ 



•!^99j ui '3QB!je JO qi^n9i 



„ _ _ t-0000'*XOO 

tHOTH 0000©e<l>AC0O tAlA tAiN ©©©t« ©-^ 

cdodirS lA lA 00 00 iA »A -^ CO tfS >A to CO tA iA lA tA '^ 



© CO -^ "^ 
C4© tAiA 

• • • • 

t-©t» t- 



•81Sjf]«TI'B JOJ 

p9Sii eiipB^e JO J9qmn^ 



dCSlCl (N e<l 04 94 C^ ffv) (M r-i C^ C<I(M iM C4 e<l C<) CM C<l i-l C<l 93 C4 



g 

o 

ft 



■5 ^ 
cc P O 

•r-i SO "H 



i 

-♦a 






333 

8> 00 00 



be 

o o o S a> « 



(-1 

o 

o 

HsOD 



73 



Pi 



3Q 



c 



-5 © !3 

as 



go OQ P3 Q 
*'© 

® ® a> 



® 
OD 

fcX) 



73 

-2^ 



fl 5 






«'0 «« g » <p 

"^ I '"^ S © 3 



It 



S 

a 

o 



a . 

. o 



'.R 



O 

d 



g c8 (« 
'd a cq 

>f ^ 
o p o 

fr< C (4 

WPQW 



I 

p 



oo©e« rH CO © ©94 ©©ooeo tA©t«eoco «H©oo 

T-194 1-1 rH tH 94 91 94 CO rH iH 91 94 rH 94 94 






Ch 



c:) 
O 



o 



t^rHOO 



020 



^ 



9 



'ei8^[6a« JO J9(iuinji 



■«*<oo«o OQOC^iO'^t<i©o»o«»H'©<joai>s«>t- 
. ^1-4 04 94 eo'^ ^ lA CO i> A o ec ^t« p ra >n CO 

cot* . _- ~ -_- - - ._> -r^ fH r1 1-1 ^ M ?S ?5 

*n OS t- -^ a ro 1-1 o» a> •a< ...►..»« 

»H r-IC>JC0C0'^Ot«CC0J^OOt-00O»ft» 

fH»-liH-^CvlMC5cM 



'9d09B 
-LTOfOd '%1190 J9d 9SBJ9AY 



JO 99raf in 9do9eu'oxoa 
^q 9eoi9iie jo 't^dao j9j 



t-<o 



»rf CO 



00 CO O CM 

»-i »os -^ 

1-1 »-l 1-i ?4 

M ^ » A 

I'- t-06 r-l 

— cooo-* 
»-< IH 1-1 M 



•fido^i 

JO 93mf UT 9dO0STJ«lOd 

i4!q 9eoJ9iie jo "juaa J9j 



iH CS -H 

• • • 

I* « ^ 



'93'BJ9A« 'jB3ne (^on epixog 



•ajjnq tiio.ij 
eoinC ui j«9ne ^ou epnog 



coo 
■*co 



■^ t*t- iH 

c4i-icoc4 



M 



CS 



?<l9»^^'«•>no»aclA 

■^^iftt^OOTf-VCO 

irfi-ifHC<if6»r5?i 



CO t- 
X 00 



00 moos 
e4 fhc4c4 



00 



•rt©©t-iM"«J'?l»H06iA 

• •■••••••• 



'8do^ mojj 
dopf m jv^ns :^oa epjiog 



06 Cl-^ 



o) X'<t e<i 

■^h-OOiH 

• • • • 

i-trHCOCM 



06 O— 1 
W ©l> 






^ 



a 



OCliTS'^XC-QCtO O 

© i-l 40 «W 1-1 CO r-t OS 

........ • 

t~ N CO CO '^ CC CO 



•9omf m 



t-t-© 

krf •^ -H 



CSXCO-^t^t-WCO 



o m lA 

C074?4iH©XCS:D 



cvjco-^-^-^corix 



C<lrfOi!f<'*i-*C0© 






© 
© 



•9opif ni 
esoonxS •!jn90 J9d 9St}.i9AY i 

*e-:)!)nq mojj ooinf I 

HI ofiojons JO 'iwdo J9J I 



fHlftN 


'^©eOO'*'^©t2»§S»S»H«iHrH© 


■V M>CO 


C4 C4 »H iH 1^ I-i »H 1-i 'wAfi-^ 


A CO OS 

COUirH 

fH 


■^?<t*t«©"*i-lCO"*©»H©l--rrOi-'5-^ 

ei'^'^coTtfONCJcdco-^^rofoc^cofld 



I 

a 

o 

I 

< 
pi 

a 



*fido^ nio.g 99 mf 
HI 9«oaone jo "^uq'j j9j 



CO 1-1 © •^ ■>«< « W CO rH -"iii t- 

■'rf'^Gs cocdcookft-^ciod 



e0'^»ot>-i-ipox 

• ■■•■•■» 

iH Tji O tJ> 't 1-1 ^ ?4 



m i*? m 

© tA e iH 

• • • • 

CO X coco 



N»H 
iAI> 



X 
CO 



■^ ?4 ffl C4 

• _ _J • « 

t> X IH t» 



•s^:^nq luojj 90Tnf 
HI 9eo9nx3 JO -^UBO j9j 



©ox 


OSt--^ia'<*"'i^5'5X©b-©5<liH©iHt>-M 


cocaN 


1H iH .H iH — 1 iH iH iH 1H iH .H 1H 14 VO 


iMCl © 


XCOC<l©'«*COXt-ir5©©t'^«»HiA© 


irfrf CO 


Ci Ci iH IH 1H fH IH "iHl-iW 



C^ OS CO © 
l> OS 00 CO 



'edoi mojj 9omC 
Of 9eoonx8 jo 'ijueo j9j: 



•e;:jnq mojj 

90Tnf UI BpiX08 •iJTiaO J9J 



'edo; mojj 
99Tnf m epi|os -i^noa ja^ 



A A CS CO 

■^od'o5c4 



10.73 
10.10 
14.53 


17.14 
17. 65 
18.81 
IT. 64 


• 

lA 

fH 


lAOOr-M-TCIiHOO 
PO'^t-^'OS CO XCC CO ""*•[» 

OS CS x* iri 00 ^ t-i «^ e> irf 


12.94 
16.24 
17.64 
21.12 


9.87 

8.97 
14.76 


17.66 
17.45 
18.81 
18.90 


© — 
i>-o: 

lH 1-1 


©csxt^h^escscdosx 

(MiHrH»H^lHrHfHiH-i 


13. 25 
16.77 
13.16? 
16. 77 



•9oraf 10 
i^iA«i3 ogiaads 9S«j9ay 



l^©-^ XfH»AeOMM©(M 
■«•'■*© t-XXXXXXX 
©©© ©©©©©©©©©© 



©inxiAt-x»Ht» 

Xb-t*t>t-»Xl-- 

' ©©©©©©© 



coa»at« 

lA© cox 
©© ©© 



•8:>!^nq moij 

90nif JO -^^i^lABoS 0^09dg . 



a 

o 

p 



ce 
P 



xxco 



t*iHCO©iHt«©iH— lOPOWM'^X©© 

t-xxxxi'-xxxxt-xi— i>©r-t>« 
- -- i©©©©©© 



©©©©©©o©©©© 



tH X»A t- 

tA© ;o X 
©© © © 

i fH 1^ T^iAyArA 







bO 



u 

o 

fH 
© 



t^ 



333 

to CO OD . is 

!l* f^ f^ &• I s 
o o o a « $ 



•=-®'d 






g _ 

<3^-f3 

a S O 

Onrjf^ 
13 (0 9 



c 

cS 



n 



fS 

O 



f-» 



« 

(-1 

fO 

bC 

..^ 

I 



-•A 

o 



S 'Cm 



Pi " 



ns » >. 

« * fl o 
♦* CL Q. £li ' 

p .S7.J?.Sr • .s^ ' -ST d « s 



'C.SfCH'd 
* ® I « 



K 

2 



-^ 2 

9 a 






!l 



" a e9 3 

•J=sfl d d 
« o o o 

& (1 Pi ^ 

MP;p; PQ 



X© b- 

iHPl 






»Hco© ©cj ® ©xco»A © t^ eo CO IH OS X t- 

fHiHfH^MNCO r^ iH C4 CM iH CMCM rl 



t>THX •'ti 
CM 






O 



o 



ccO 



.1 9!»IHf ,0 ~1D93 43J SSEiSN^^SSg 



[! ■«>TnF JO iqajsil IWOl 



s^si^i 






mtk^ samf jo jqais. 



ssSi§§3§ ■M'^M sM^^ 7^ 



'Bpmiod Tn '^j^oq jo ^qSia^ 



SSSSS3SSS? 



■spnuodin 'doiJO)q9!»^ 



i;iSS^K»^l;^^ ^SSSSf SE: 



-p»dau5B^^Bl>jo}q3j9^ ^ i jS J J ■ (^ J j""* 



'■ SSS^SSSISSSSSSSgiS iSSSSSi, 



■jaej n! "lion la JWamBTa 



:SlisSii^3'n=li HS=i il 



■19BJ n[ '»(iiq JO qiSnai 



"19^ HI 'dojjo niSiiao; 



'3n»19 p9dd»t JO qiSn»i 






yi 



*fl SI", 
iU iih 



11 



•BjsA^lBa'B JO jaqoiiix: 



<D 30 



ca» ©OJ 



t> I'- Ifi op -^ ■* C-l iH C I »f5 O 



I T I I T 

Oi CC t- t^ OS 
1-1 O 00 00 « 
r-( r- rH W d 



coop 



•aainf in edoosLrexod i!q 



-j«|odAq9soion6 'itioo J9 j 



•fido; 'adoosT \ 



SpilOS 'i).li99' jad oSBJdAV 



00 CJ 




U5 OC<I t> 



--owtHOinorios 

O0«0»-lt«t»ift»-"000 
' N iH ' »-I »-i o c<i »-< 



o 

CO 



(O 






CO 



•8)!jnq inoj; 
aoniC HI jvShe '40'a epixog 



COOCOOtHNOOOiO 
lO0CCJiA»rtC<l«©-«t«A 

*c4rH * fH T-i CJ c4 »-? 



a> 



00 
00 



00 



S 



•edo^ raoj| 
90in( m J«3n8 :^dn spnos 



Th CO 

w o 



coMi-iMOsooooc-'* ca 

O O O 0> 00 00 «D 10 M tA 
T-iM»-i * r-i »-i l> 1-^ c4 t-5 



^35 



COi 



C4 



'anna racij aanif ni 
oeojone -(jnaa jad'aSeiaAY 


Noowajeo-^oooiLOco»a.H(Ni) 
i-5ei5'^.«st^ododocc>(N''^«rf'«*co 

f-t 1-1 T-t rH iH —< 


■ 1-^ — 

CD 4D (O X -^ 

coeoirfrHcd 


cieo 



•Qtreo mojj aoinC m 
oeoaux^ *^aaa jad'asfcjaAy 



CO ©O 

rH W © t- 00 00 » CO 00 00 -^ CO If; Ui «0.-C^-<*lft 10 tH 

u5»r5»rfcoco»c<icO!NCJi-irJrHeo »rj-Jbilir;»rf t>od 



•Bj^^uq JO 
oamC HI asojans *:).aaa jaj 


aCT><ift«l>Ot»C3-<^©'<^'<^iAt> 


CD c- r- fr- 00 

eoeoio © ifi 


TjTH 


co'^»o«doi5o6od©TH-^iricoiN 

•H rl r^ t-i i.^ r^ 


irf-^ 


•BdO^ JO 

9ainf m asoiane ')iida 19^ 


t-C»©C<l©0>lO'^®©C0Oi©Tf 


©-^J" © © i-t 

CO 00 lO CO t'^ 

rH 


rH 10 


»Hc4'^«c5t>o6o6oi©o6-<i5'«i'»fteo 

•-( r-i r^ ^^ r- < 1— 1 


CO'^ 


•Bn^q JO 
oomf m asoanxS -^aao ja^ 


•Ca©r-l©i-l©r-IOOeOiflaO-«t©rH 


!> ■«1< 1-1 10 -"I" 

in 1-4 00 CD CD 

1-i 


r-lOO 


cdirfiO'<*'^'^e6coeoeo.H^F4co 


t>O0 

• 


•Bdoj JO 

eomf ui aBoonxS "iiiao la^ 


© 

r-f^O»T»<lOt*«OS'^N©NrHas 


© 06 00 00 © 

in©(D-^ '<^ 

i-» 


010 


■^ift-^eoeoeoNcac^c^rHi-JrHco 


00 t- 


•aaraf in 
BpixoB '%ii96 xod aSBjaAY 


6.50 
8.04 
8.80 


t>>HiMCNi©oo©©e«'^ 

i-HCOT^CO-^tCJb^^t^OO 


10.63 
12.60 
13.72 
17.65 
14.19 






•Bj!jnq niojj 
ooinC UT spjioe *!jaao jaj 


6.97 
8.46 
9.44 


01!0©eO©i-4(M©00»0 
eOiO«05^W©t»rfODeo 

i-3c4-«iico'^<di>cst^t-^ 


o> moo t»iO 
t^(MCDtH 

©CO-** tr^-^ 

1— ( ^^ rl r-l tH 


13.01 
13.74 



o 
O 



00 



•sdo:|. raojj 
aaraf ni spixos -i^iiao laj 



•^oot>''3-H©ea^'M©oooot---^ 
o©(N ^c<i©aoeo9>o-^t^©o 

cDc^od i.«c4cooocooot>i>cit^© 

^fHrHrHrHi-^i^iHC^rHrH 



^; 



I In. ■^ ^ 

b» th CO 



© i-i woo ■«* 



CO 

t> 



•aomCjo 
i£!^iA«iS ogpads aSBaaAy 



»ft O CO 00 CO 10 t« 00 © 00 C^l 05 ift © Ift (M 00 OJ l> 

co^'^iniftifti»»o©©t*t»t~oo ^©©t-© 

©©©©©©©©©©©©©© o©©©© 



rH •>* 

©© 



4a 

a 
4. 

»— « 

o 

A 



M 
&D 



-♦a 

o 



pa 

es 
o 

M 

CO O 

(-•43 

^^ ( — ■ 

««H 



^ 



blr© 
a 






5g 



00 OD 



3'* 



as 



H fl 'a -fcs -i^ "S ' r< • ^* 

^ oi pq 1:3 >i3 Ph ;P ;PE| 



OS 

> 

... O) 

!•- 



OD 



o 



-»a 

O 

O cS 

^ 00 

93 



-p cS 

• .'^ 

o O L. ai ^ 












13 
44 OS 



OQ 



IS 



CC 



o ^ 

p; cm 

05 OO 

T3r3 



(M©©0©mO)iO©'<1<'4'©©00 
i-irHff^rHfHrHr- IW(N r^^l^i 



bl) 



-4J 
P. 



u 
O 



> 

o 



t-rHXT^rl* 
rH (M <N 



020 



© lO 
CO rH 



COO 



12 






8 



•edo^ 
9omf JO ^!;ia«jS ogioedg 



o ooo oo 



HI 99Tnf JO '(jnoo J9j; 






•9oraf JO ;iiSi9^ iB^ox 






«P .H J<1 ^ -^ CO I 
' O A 00 CO O to! 



Wl 



eo\ 



'spimod 

UY ♦l[lB((8 JO %T{3X9J^ 



• • • 



MO tCM eor- 

1-1 O iTHlttCO 
'«J' -^ • C<l r-l iH 



'!(99JUl ';^nq !JB J9^9ni^(J 



CO C*S 00 0> >A 
I- t^ op 
ooo 



OC^M» 
t- t- 00 r-< OS t* 

O Or-t i-iOO 



•^99j m 'ij^nq jo q:j3u9i 



^COW'HO'Jt 

. a . . . O 

« c4 N f % c« . 

CO 



•:j99j uj 'do^ JO q:>Sn9i 



co»H eo«e»ON 

CO CO CO CO C4 . 

o 



•^99J Ul 

^j[YB%9 p9ddo{( JO qiSa9i 



•e3[x«:(8 JO J9qnmji 



t«'^»«t«»»Ot>00iftM 

teiokAiA^'^oi3ot> 



« W N W d rH f-l fH 



a 

s 

o 

r— < 

> 

p 



10 BD 

^ li 

& 00 « 

o g to 

00 « 00 

q « a 



b 



£) • 






a 



• c 

6 : i : :S53o 



* ... © 



3 

A 



00»<DOt-0000 
1-1 N Cfl rH tH i-i iH 

^ ^ ^ 4.3^ . . . . 
CitCjSLCk Cm-^ 4S ^ 4A 
© ® © © ©^ OOO 

cCccxxdcOOOO 



•eie.^iuut? JO jaqninx 



C^<^ Wi/)0 

e« t>o CO o 

- -i-< 1-1 iH 
1-1 CO - «_► 



•rtoiiBzuwxod £({ 
99mf ni beojone 99vj9ay 



*aoi)«zp«Tod ^q e^^nq 
mojj 99111^ ai 9BOJ9ns 



•e^nq 
inojj oomf JO :»q8T9^ 


1-5 








raojj 99raf JO :»qST9A\ 


.461 
.545 
.4«3 
.512 
.401 
1.665 








•9U«9 ni 19%VMl 
JO ■!(a99 J9d 9SfBJ9AY 


ojc4«di-ic>o6»rf-^-^ 


•^'jnq 

ni J9)«ii JO -^n99 J9J 


irfeoci ^ood 








•do(nn J9;«^ JO •;a90 j9^ 


W » »0 CO b- CO 
•^CONC0«CI> 

o) ^^ _: ^ b^ 








'spnnod 
Ul '^^iiq JO :»qSi9^ 






1.10 
.99 
.90 

3.23 








'spanodm 'do:^ jo!(q8i9^ 






• • • • 

r-(r-l»HCO 








*epuuod ni 
'p9ddu:»fi 3[I«:|« joq[qSi9^ 


^.Heoc^lc*«OQOwo» 

r-(NNNi-(«Or-<i-li-f 



'noi)«zp'BXod ^q edo^ 
raaij* 9omf nt 980J9iig 



• 99111 f U] 'jB3ns 
%oxi 'ei)i[08 JO 9jS'Bj:9ay 



S 



•s^nq JO 
99mf m 'iB)Jii8 (oa 'epjiog 



S Q O 



_ ^ O 



CO t*o» 

• » • 



o 



fc « *4 00 o5 1> t- 



1-1 W' 



OOO 



• • • • 



'8do^ aio.g 
99ra|'m 'j«:dii8!(oii 'sp^o^ 



no 00 ri CO CO O) 

• • • • fl • 

lA '<>< tQMCO 



'980J9ne 
JO *:^nd9 J9d 9Scj9AY 

: • 

'9aB9 JO 99mf m 9809 

■nxS JO "\ii9o iad 92li«i9A y 



o»HfOirf»rfJ«>co"«j5 



«oo»cot«<oiCiHir3co 



'980J9nS '!(n99 

i9d 'raojj 99^af *8;!|na 



0»C<l O) >H AX 
06 CO CO »rf irf 00 



'9eoj9n8 JO *)n99 
J9d 'nioaj 99inf 'edox 



CO CD «0 to C<) t« 

• • • • • • 

C& 1-" N ift lO ■* 



•ofioonjiJ JO •(jn99 
j9d 'luojj 99inr 's;!>na 



o o toe« cox 



•9803nxS JO •!JU99 

J9d 'niojj 99iap *9dox 



t* CJ O t* t^ CO 

• ••••• 



•sjjnq mojj 

■99inf ni SpilOS '^1199 J9^ 






t>i-l MfH 
CO r-ll>'* 

... A 

X XX tn 



•8do; UIO.IJ 

99piC ni spixos •;n99 J9 j 



c& CO CO t«c^ oa 

• •■■•• 

CO t«X XX » 



•99|IlP JO 
^(^lABlS 9gi99d8 9j^BJ9AY 



xt-Oi-Hr^t>oO'*i^ 
t>-b-xxi>»§cct:r 

OOOOOO' 



oo 



-e^nq moij 

99111 f JO AiJIABjS 9m99dS 



t^coeaox' 

t^t^XXt>i 

ooooo < 



a 



© 
© 

p 



00 



© OB © a ; 

B 00 5 r_'w 

t. ^ h © • 
cPck : 



t • t • 
I i • I 



© 



• • • I 
I • t I 



.§ 



o 
H 



s © o o o-p.a>^ 5 

: : : :>^SsS 



CO 

O 



P 



00)COOI>>0000 
iH N CM iH 1-1 1-f r^ 



© © © ©. ©i^iigs 



13 






I 



•819 



•aopBziJ«xoj ' 



O M O «S (M ri « kO 3J >» 
» «»H •-< f-< i-< p-l W C^ W 



•dDinf 

'epipS JO '^093 JQ J 



• •«••••• 

00 m »H w M M « 



•aoinf ni 
spijoe JO '(jadb ja^ 



I -aDinf 

I JO ;C|iABi5 o'gpadg 



S ^ 1-5 -H r^ 1-4 •«! »n M o 



0000000009 



aoTnf JO '^aao J9J 



-epiraod Qi 
'aoral* JO iqSp^ 



ujoeo^c-cjast^ot^ 



'spaaod 
ni '3[ib:^8 pad 
•cfu^e JO :>T^8Ta^ 



iHOOO'^oaiAoao 

• ••••••••• 

•H fH iH iH »H N «-• 



'eptmod ui ':|t»;.8 
9XOqM. JO q[q3Jl9i^ 



fcb-oooooo»irt»n« 
«DiAOt«i5ooao«oo 

iHi-4c»irHc<ieoc4tH-4r4 



-43 

a 



I— « 






s 



a 
^ 



••H ^ -f^ 



00 Vn 
« 00 

0) 0.' 

as 



o 



u 
00 



00 



'a 
<s 
a* 

o 

> 

ns 
0) o 

^^ 

«>, 

<vrs 
2 * ® 

-111 

OCH -M dj 

i" 5 - .- 







*80inf ai 9eoja 
' -ne jo* 'IVL9D ja^ 


lc*o»Mot»«o.-toec-'^ 
eOfHt-t-aooso^eoi^- 


• 

1-1 


: -aDinC ui 98O0 


tOCDaO«0>HMer900-<«< 


lO 


1 -TLiS JO '(^uao jaj 


tH »H »^ iH ^i^ r^ 5*1 00 ift 





ad 



00 

o 



O m (O 00 lA t-H CO CO O O rH 

o ooON-HtoiiToesN o 

COOOi-HNCSI^aNWCCW IM 



o 
en 



•eneo ui 

Jd^Bii JO '^IL90 J9 J 


^ •fHaooMiniHijt:'^ 
5 ^ «o ® c^i o r- •* «ft T'i 

w : 








o 

<M 



•%99J UI 

'8^!>nq %9 j9:^9aiB;(X 


£JN00M»AiatPNC<IO> 


• 


•!j99j ai'ssxm-^B 
peddo!) JO q;3tt9i 


lc*t-oo»-n>«o.Hi-ifHeo 
iatdiau3trS«dtA»'oi£» 


CO 

• 

to 


*8l8i[VUV JOJ 

8i[90^8 jojaqraux 


NNfi^NOOCOr^WNCO 


N 















oo <oo>iA a'^-*^ oa» -^ 

r-t iH r-l r^ C5 CM iH N W C^J 

P, P« 04 O4 p« 04-fa -*^ "^ -g • -^^ 



14 






JO A%iabjl3 ogioddg 



ooo 



CDtH 



•9U1S0 9JT:^n9 ni 

90ITlf JO •q[u90 J9 J 



■^ •^oooci'Haoo 



o 

CO 



• 00 fH C«N 



•9oraf 
JO :^ti3i9^* xw^ox 






9oniC JO :jq:gT9i^ 



coo »o 

C5 l^ » 

•^ CO »rt 



•sdo^ raoji 
9oraf JO !»qsi9j^ 



M ;0 CO 

CO 5MCO 



•9nT?o m J91VJ1 JO 

'%VLQO J9d 9SBJ9AY 



T-< Ift CO CO <* 50 
U5 CM ® 00 O O 



(OOO O CC rH 



s 



J9^«A JO '[jnao J9j^ 



oo«or- 
o o w 



i9(jBA JO -ijueo ao^ 



OTf CO 



;Ooo 



S 



•:^;iiq JO ;qSi9^ 



•do^ JO !>qST9^ 



iflCO^p 
O 00 Cs 



ooo t* 

0» lA t» 



© © 

io CO 



© © 

© CO 



© 

5^ 






© 



t-c«? 



'poddui^e 
3IW8 JO ■!^qSI^A^. 

'epnnod 
m 'j[iB%9 JO :^q3i9^ 



S 



'^^©OSWCSt-CO 
■^ft^COiftOSOX© 



CO CO 



© . M ca X »ft I 



X CO 
I X CO 



Cfl • N .HrH tHlfi © 



•!^!JTiq !JB J9!>9Tir8l(I 



COCOfO»H05M©XX 
XXX-^T*<©'»t©X 

©©©©©©©©© 



•!j!jnq JO q!|.Sa9i 



« »C rH 
i-i r-i c4 



•doi^ JO q(^Su9i 



peddo!^ JO qi^Snai 



©OJ""* 
COCSlTli 



cq © 

CMr-l 



O X 

CO c<i 



»'*i.'i(MI>MCOt>-^ 

■<* -^ © CO c<5 o '^t! irf Ti3 



•sisjf^XBni! JO -ox 








X© 
X© 










•uoi;b21 

-JB^od Jo" 9SBJ9AY 




















■mni 
-BzuBXod Aq s^jng 


— 








1 1 

1 t 


-- 






1 


•uoi:^ 
-BziJBxod ilq sdox 








'» 

I 
• 
1 
■ 








•9Dinrui'.iBSii9 
:jon spixob'9Sb.Ioay 


X CO ©O 00 © 

• ••••■ 








•swuq 
UI jBgne :^0Ti epixos 


©Ui© 
• • • 1 












•sdoj nio.y 9Dinf 
ai JBSns jou epilog 


b-XCO 










; 


•9nB9 lUOIJ 9Dinf 

TIT 9eoione osb J9 a y 


»o t- •«* t> t- 1- 

• ••••• 

T*t-»HCOCOX 

■ 


©t- 

irfco 


•9UB» rao.9 ooinC 

m 9809IllS 9]^BJ9 A Y 


r-lt-rHX t-OJ 1 


x-«* 
■^eo 


•980-10118 'e^^tia 


©©lo 

■ • • 

COt«rH 






•^ CO 

coco 


•98oion8 'edox 






• « 


•98ooniS '»;:jna 


co©x 

• • • 






T*CO 


•9SoonxS 'sdox 


!>©■«* 

• • ■ 






X-'P 

• • 

•^co 


•er^^nq laojj ooinf 

ni 8[JIX08 •^090 J9J 

•edo^ raojj 90int' 
ni 8pixo8 'ia-yo'iOfi 


9.87 1 9.22 

14. 68 i 15. 07 

7.93 j 5.27 


J ' 


— 


— 







\*4TAB.i;f 

OgpOdS ' 9gBI9AY 


r- CO © i-*: 

CO © CO >« 

© © © o 

• • • 


© 1* 

«»x 
©c 

tA r- 


•** 

)0C 

c 

r" 


X 

c 


c 





•83xxB^e JO joqum^ 



coMCMC^icocqrococo 



■ej^iiq '9Dmr 
JO A';rABj:3 oSP'^tlS \ rA rA 



in -^ lo 
CO © r<j 

© © © 



o 



— H 



o 
o 

a 
.2 

1^ 



2 

o 

4, P 



e3 

O 



CC ■ 

^ a 

H<1 



El 



»• 
(& 



2 ^S^S aS 






o 



ce 



C5 

S3 

-*- a; H 



o 



(C 



•^ ■tl 

© © 



tc 

q 






^ O 

^ S 









• • • • • • ■ 

p, SI, ft ftH* p,*= g- 2" 
« <t « 'n S V 2. ^ z, 






t>»Hb-»-(tHrHr-ICOCO 
iH iH .H rH tH WW 

• ••• ■ •• 

■»AH->.«A.*s . .*s . sjc lye 

Q, a« a, P,-*a CL+a — X. 

* flp c «; « r » j; j: 



15 



'OsojDng '%jido J9d 'noi^'Bzucio J 









« 



OSb- 



iCiO t* 



s s^ 



o 



09 

to 



•9oraf ui 






M 
t* 



b-QO CO 



'9omf m 'jo '(^aao J9d '9eojoiig 



•qotoC m 'jo "^uqo .led 'asooinf) 



Big 


I wcoS 


CO » 




»-«co 


S 


• • 

y-i 1-1 


t • a » • ■ 

• W r-l CO «0 O 


• 


(NCO 


r-l 


XOO rH C4 -^ «-t 
© O l> C>1 CO 00 


t^ 


iH tH 


O 


• • 


• • • • 


<N • 


• 


• • 

CO -H 


• 



•90inf m spixoB jo -^nao J9^ 



<DC^QQe<IO • O 'H (H (NO) O 

COWWOOt-- lOCO t- COiO ® 

• ••••'•• • • J • 

t-cokoooeo lOO i> o lO m 



•aomf JO jf(jiABjS agpadg 



«o «e CO o t* • T-t t- •^ t- ^ CD 

eoiO«0-^iO • CO «p t- rf cp «p 



O O ' 



1-^ lO I eo I 

O O • O ' 



o oo o 



•90TnC JO -yciQo i9j; 



•epnaod ui '9Dmf jo :^qSi9j\\_ 



irHM««iC»»00 " 



S)> O CO ^ '^ l"* CO 









CO 



CICO rHr-l (M (N 



N eo 



•9in80 ni la^Bii jo '^uao J9 j 



tH OJ rH © OOOS^ O OO t-t- C<l 
O f-4 iH O) rH r-i 00 O) «0 Oi (D C4 



»ft OS ©^00«Oi-l ^ ,-( iHiO 
00 t« 00 00 t- b- 00 O) t- 00 t» 



00 



•:Hnof-jB9i :jsjg jo q:>Su9i 



•(^uiof 9xppim JO q:^Snoi 



•!jUToC PTI0099 JO q^Suai 



CO 



© 



CO 
"<9< 



CO CO 
CMtH 



© 

CO 



Si 



00 



oo' 



:3 



•!^mof f^sjg JO q:jSn9i 



O) 



CO 
C4 



Sirs 

1-1 w 



CO 

© 



*®TPPI™ m e^^nioC jo J9qran^ 



o» 



••4!jnq m e^jmof jo a9qiimx 



•JB9X ^^^5 V^ J9^9arei(i 



oo 



00 



ift 



© 



w 



00 

© 



•;j99j HI 'ij!>nq i^ij J9^9inBT(i 



*p9ddu'^8 *do* JB9X JO T{'^a&n[ 



■* 

M 



CO 



W 



f;? 






CO t-H 



o 



•euBO 9J[Bq JO q^n9T; 



I 'spnnod in 

! •eoA'89t JO pii9 oj q:^ii9{ psjox 



© 

CO 



© 
© 
00 



•peddufje 'do:}, jo !}qSi9^ 



© 



00 

© 



00 

i6 

rH 
00 



CO 



CO 

oo' 



© 

CO 



•euTJO ajTjq jo ^qSia^ 



in 
in 



00 



© 



iO 

CO 

O) 



•do; JB91 JO *q9i9jv\. 



'spiraod in *^q9|9Ai r^^ox 



GO 
© 

CO 
CO 



© 
© 



CO 

© 

©" 



© 
CO 

in 
© 



•fiqiB^e JO jaqranx: 



<N 



C<l 



(M 



o 

•l-t 

■*» 
u 
o 

Ph 



9, 



IS 



(D 



o 









0) 

rl 

ce 



00 



r^ 

C3 

« : 






o o o o o o 

. . . . .^ 



00 






o 



:« 



00 ■ 

j> ■ 

00 I 

iH • 

„ • 

C5 O 

o • 

p^ : 



o 
13 



■♦-» 



oooooooo o oo o 



16 

For purpose of further comparison the folio ^^iag analyses of sugar-canes and juic«H 
of the sugar-cane grown in Madras, India, are given below. The canes were divid 
into upper, middle, and lower thirds, each third being 2 feet in length, except the^ 
lower thirds of the selected canes, which were 3 feet in length. 



Bundle of medium good canes. 



Bundle of selected canes, t " 



Upper i Middle 
third. third. 



Bagasse 

Sucrose 

Glucose 

Ash 

Water 

Undetermined 



7.630 

10. 630 

2.640 

.307 I 

78. 334 

.459 I 




Middle 
third. 




Lower " rvk 
third. 1-^ 



8.470 


8. 300 


7.580 


13. 310 


13. 870 


9.490 


1.510 


1.540 


2.430 


.259 


.233 


.545 


75. 612 


76. 122 


79. 484 


.839 


.455 


.471 1 



8.650 

13.640 

.736 

.363 

75. 628 

.983 



8.290 

13.85(N 

.71(1 

.3^1 

75.045 

.856 



100.000 100.000 



100. 000 



100. 000 



100. 000 



100. 000 



ATfALYSIS OF EXPRESSED JUICE. 



Sucrose 

Glncose 

Ash 

Undetermined 
Water 





11.510 
2.860 


14. 550 

1.650 

.283 

.917 

82. 600 


14. 580 

1.680 

.255 

.485 

83.000 


. 10. 270 

2.630 

.590 

.510 

86.000 


14. 930 

.806 

.398 

1.076 

82. 790 


15.110 




.775 




.333 
.497 


.381 




.934 




84.800 


82.800 






100. 000 


100. 000 


100. 000 


100. 000 


100. 000 


100.000 



t: 



H 



Chem. Cext. Blatt., February, 1880. 

For more clearly presenting the facts developed by the examinations of the four 
kinds of sorghum, the following chart represents graphically the foregoing results : 

It will be observed how closely the Early Amber and Liberian correspond in their 
development, being almost identical, and yet being clearly distinct varieties. It will 
also be seen that while these two varieties attain a content of sugar in their juices 
equal to the average content in the juice of su^ar-cane by the middle of August, the 
Chinese does not reach this condition until the last of Sejitember, while the Honduras 
does not reach this point until the middle of October. 

It will be seen also that after having attained approximately the maximum content 
of sugar, this condition is maintained for a long period, affording amTple time to work 
up the erop. 

It is doubloss true that had the season been longer it would have been found that 
the Chinese and Honduras having once attained this full development of sugar 
would also have retained it ; but, as is seen by the chart, the heavy frosts and sub- 
sequent warm weather which happened about November 24, caused a rapid dimi- 
nution of sucrose in each variety, and a corresponding increase in glucose. 

The converse of what is found true of the sucrose is clearly shown as to the devel- 
opment of the glucose, and it is seen that a minimum quantity once attained is 
continued a long time, and .that this minimum is quite as low as the average amount 
found present in the sugar-canes. 

It is obvious that the results depicted upon the chart are not to be taken as entirely 
exact, but the general fact represented is without doubt true, and with a still larger 
number of observations the approach to true curves would be found nearer than here 
represented. 

The line representing the average per cent, of sucrose in sugar-beets is from the re- 
sults of analysis of thirteen specimens of sugar-beets grown upon the Agricultural Col- 
lege farm, Amherst, Mass., and analyzed by Professor Groessmann (vide Mass. Agric. 
Kept., 1870-71). 

An average of all the examinations made of these four sorghums during these pe- 
"riods when they were suitable for cutting gives the following results : 

Early AmberJ from August 13 to October 29 inclusive, 15 analyses extending over 
78 days, 14.6 per cent, sucrose. 

Liberian, from August 13 to October 29 inclusive, 13 analyses, extending over 78 
days, 13.8 per cent, sucrose. 

Chinese, from September 13 to October 29 inclusive, 7 analyses, extending over 46 
days, 13.8 per cent, sucrose. 

Honduras, from October 14 to October 29 inclusive, 3 analyses, extending: over 16 
days, 14.6 per cent, sucrose. 

Besides the investigations above mentioned, there have been made 35 experiments 
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in making sugar from cornstalks, sorghnms, pearl millet, &.C., in all of which there 
have been used over 23 tons of stalks. The result of these experiments has been to 
fully confirm all the experiments of the previous year, not only, but also to help to- 
wards the solution of certain questions of the highest practical importance. In 
every case it has been found that the quality of the simp obtained has been precisely 
such as the previous analysis in the laboratory of the Juice used made probable. An 
average of the nine best sirups obtained showed a percentage of cane-sngar present 
e^aal to 92.7 of the amount originally present in the juice, while an average of the 
nine poorest (i. e., containing the lowest percentage of cane-sugar) showed a percent- 
age of cane-sugar present equal to 90.1 of the amount present in tne juice. 

This must not be understood to mean that there has been no loss of sugar in the 
process of manufacture, as such conclusion would be quite erroneous, as will be seen 
by consulting tables further on in this report. 

Below are given the detailed results of 33 experiments in the making of sirups from 
sorghum, pearl millet, and cornstalks, and analyses of the juices from which these 
simps were made. These stalks were obtained m>m neighboring farmers, and, atrwill 
be seen, were never in the condition best suited for working, but the results obtained 
from them are, however, of great practical value, and are given in detail. 

The last column represents the relative loss of sucrose in making sirup, as compared 
with the glucose present, but gives no indication as to the absolute loss which may 
have been incurred, and since the economical production of sugar largely depends 
upon the amount of this loss, this matter is discussed more fully in another place. 
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The apparatus used in tlie experiments, besides a few barrels and pails for holding^ 
the juice, consisted of a copper tank of the following dimensions : 4 feet 3 inches long, 
2 feet 3 inches deep, 2 feet 3 inches wide ; a galvanized iron pan 9 feet long 8 inches 
deep. 3 feet 6 inches wide. This iron pan was surrounded by a wooden frame of 
2-incn plank so as to support the sides, and each pan was placed in brickwork 
with chimney, and so arranged as to permit a fixe to be kept below it in direct 
contact with the bottom. In the case of the copper tank the flame played about 
the sides also, so as to heat the contents more rapidly. The ^alyanized iron pan 
was such as could readily be constructed by any ordinary tinsmith or mechanic. The 
copper tank was used for defecation with lime ; the galvanized iron pan for evapora- 
tion. The process, in brief, is as follows : after topping and stripping the com orsor- 
ghom, it was passed through the mill, and when sufficient juice had oeen obtained it 
was heated in the copper tank to a temperature of S29 C. = 180° F. After the juice had 
reached this temperature, there was added to it, with stirring, cream of lime, until a 
pied of litmus paper dipped in the juice showed a purple or bluish-purple color. 
The heat was now raised to the boiling point, and, so soon as the juice was in good ebul- 
lition, the fire was drawn and a thick scum removed from the surface of the juice. 
After a few minutes the sediment from the juice subsided, and by means of a siphon 
the clear liquid was decanted off, leaving a muddjr sediment, which was equal to 
about one- tenth to one-twentieth of the bulk of the juice. It was found that by means 
of the stop-cock at the bottom of the defecator, it was possible to draw off the clar- 
ified juice more thoroughly than by means of the siphon, so that this method has 
been adopted for removing the juice. It is only necessary to collect in a separate ves- 
sel the firat portions of juice coming from stop-cock, which are turbid, and passing this 
through the bag filter with the sediment. This muddy sediment was then drawn off 
by means of a stop-cock and filtered through a plaited-bag filter, and the clear filtrate 
therefrom was added to the liquid previously siphoned off. The clarified juice, which, 
during the above operation, is not allowed to cool below a temperature of 66° C. or 150° 
F., was now emptied into the evaporating pan, and there was added to it, with stirring, 
a solution of sulphurous acid in water until the lime present was neutralized, as was 
shown by the reddening of litmus paper when it was dipped in the juice. The 
evaporation was now hastened as much as possible, and the juice concentrated to a 
sirup at a boiling point of 112° C, equal to 2'}4° F., or thereabout. During the close of 
the evax>oration there is great danger of scorching the sirup, and this was obviated 
by allowing only coals beneath the evaporator and briskly stirring the syrup by means 
of paddles 8 or 10 inches wide. When the sirup reached the density above indicated 
it was drawn off into wooden tubs, the fire having previously been drawn &om beneath 
the evaporaitor. 

It is doubtless true that many failures result in securing a crystallizable sirup even 
from good juice, owing to the operations of pressing of the cane, defecation, and evap- 
oration being too much protracted. In order that those wishing to enter upon this 
industry may know what is practically attainable, even with common appliances, 
the following data are given. 

In experiment No. 3, 2,107 pounds of topped stalks of Early Amber cane were pressed 

by the mill in 3^ hours, yielding 975 pounds of juice. The time required for heating 

the juice, defecation with lime, and evaporation to sirup was 5f hours. In order that 

tbft inferior character of the material supplied for these experiments might be known. 

spedmens were taken from the several lots of stalks in experiments Nos. 1, 2, 3, 4, ana 

it was fotmd that the average weight of the stalks in these lots was four onnces each. 

In most of the experiments above recorded the juice was raised to the temperature 
of 82° C. (180° F. ), and then neutralized with milk of lime, but several experiments were 
made to learn the effect produced by neutralization with lime at different tempera- 
tures. 

In experiment No. 4 the juice was divided into two portions, and the lime was 
added to the one portion at 40<^ C. (104° F.) ; to the ither portion at 25° C. (77° F.), 
and the portions were separately evaporat*^d to sirup. 

In experiment No. 13 the lime was added directly after the jtiice was obtained from 
the mill, the temperature being 16° C. (61° F.). 

In experiment No. 18, the lime was added at 80° C. (176° F.). 

In the above-mentioned experiments the results were entirely satisfactory, and 
seem to indicate that the nentralization by means of lime may be effected at an;^ stage 
below 82° C. No experiments were made in neutralizing at higher temperature than 
82° C. 

An experiment was also made to determine whether splitting the canes before they 
were pKSsed through the mill would increase the percentage of juice obtained firom 
the stalks. One hundred pounds of butt ends of Honduras sorghum were split length- 
wise and then passed through the mill. Another parcel of one hundred pounds of 
butts of the same variety or sorghum, equal in all respects to the previous lot, was 
passed through the mitf without splitting them. The results obtJiined were as fol- 
lows: Percentage of juice obtained from split stalks, 54 per cent. ; percentage of juice 
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obtained from tmsplit stalks, 57 per cent., from which it would appear that in this 
case, at least, the previous splitting of the stalks occasioned an appreciable loss in juice. 

In plate 27 the apparatus used in these experiments is figured, showing the relative 
position of mill, pans, &g. 

Two pans only are represented as being in use, viz : the defecatingpan upon the left 
hand in the wood-cut and the evaporator upon the right hand. The stop-cocks by 
which the contents of the defecating pan are removed is not shown in the plate, being 
concealed by the small evaporator in front. A space of about two feet separates the 
brick work underneath the several pans, permitting one to pass easily about them. 

The apparatus represented in the rear is used for making sulphurous acid solution, 
and consists of a small-sized hot water tank for kitchen range, about 40 inches long 
and 10 inches diameter. Into this powdered charcoal and ou of vitriol are put, an|[ 
the sulphurous gas is passed through iron pipes into a wash-bottle containing oil of 
vitriol, and from thence into a barrel nearly filled with water. A safety tube is con- 
nected with the wash-bottle to prevent any possible rushing back of the water into 
the generator in case of the withdrawal of the heat. By this apparatus a barrel or 
two of the solution may be made in a short time and at an expense not over 75 cents 
per barrel. For two barrels there would be required 75 pounds of oil of vitriol and 7 
pounds of powdered charcoal. 

A few of the experiments made give a reasonable basis for estimating the probable 
3jnLeld of simp and sugar to the acre ; and, therefore, an approximate estimate of the 
cost of producing sugar. 

Below is a tabulated result of a few of the experiments from stalks grown upon the 
grounds of the department. These stalks were sprown in rows 3 feet apart, and in 
drills, and although a good crop, there is no doubt but that upon good land the esti- 
mated yield to the acre could be obtained : 



Chinese sorghnm 

Liberian sorghum 

Sariy Amber 8<Hrgham 

HoncLoras sorghom 

Pearl millet 

Field com , 



Pounds stalks 
from acre. 


38,600 
33, 727 
32,416 
66,151 
65,000 
27,240 



o 



QQ 



2,006 
2,472 
2,100 
3,652 
1,846 
1,166 




The first and second columns give the results actually secured, but the several juices 
were not in their best condition as compared with the results given in the first table. 
The third column is the amount of sirup the same weight of stalks would have yielded 
had they been cut at the proper time. The juice obtained from the stalks by the im- 
perfect means at command of the department was little more than half the amount 
present in the stalks. 

The fourth column represents the results attainable by the use of a mill that would 
give 70 per cent, of juice from the stalks j a result which is possible, and which is 
claimed by manufacturers of mills. 

There is no doubt but that, when the present industry shall have secured the em- 
ployment of the capital and scientific ability which has developed the beet-sugar 
industry, even these results, which may appear extravagant to many, will be assured. 

Although, as has been stated, these sirups were obtained from stalks in which the 
maximum content of sugar had not yet been developed, they did, however, all crystal- 
lize well, and all yielded excellent sugar. 

At the present the sugar has been separated from but the Chinese sorghum sirup, 
which yielded in the first crop of crystals 54.7 per cent, of its weight in sugar ; the 
Early Amber sirup, which* yielded 47.5 per cent, of sugar; and from the field-corn 
sirup, which yielded 39.3 per cent, of sugar. This latter experiment is worthy of 
especiaJ mention, since the result secured is not only most surprising, but contrary to 
an almost universal belief. The corn-stalks used were of three varieties : Lindsay's 
Horse Tooth, Improved Prolific, and White Dent ; three coarse-crowing white field 
corns. The stalks grew in drills 3 feet apart, and about 9 or 10 inches apart in the* 
drill. The ears were plucked after they had thoroughly ripened, and the husks were 
dead and dry. The corn was plump and sound, and yielded at the rate of &d. I bushels 
of shelled com (56 pounds to the bushel) to the acre. The stalks were then topped, 
stripped, and crushed, and the juice proved to be the best juice yet obtained from 
corn-stalks, at any period of growth or of any variety. 
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Below are given the results of the examination of the stalks of Egyptian sagar-corn, 
Honduras and Early Amber sorghums, and the leaves from the same. This examina- 
tion was made for the purpose of determining the loss of sugar in the method employed 
in its extraction, also to determine the relative nutritive value of the leaves and 
stalks, pressed and nnpressed. The stalks selected were split lengthwise, so that a 
fair average might be taken, and one-half was dried thoroughly witnout pressing, and 
the other half was passed through the mill, and the bagasse, or pressed stalks, care- 
fully saved and dried. 

LeaveSj stalkSj and hagaase from com and sorghums 



Egyptian aaj^r-com, leares 

Egyptian sngar-oom, one-half of 4 stripped stalks, nnpressed 

Egyptian sogar-oom, one-half of 4 stripped stalks, pressed . . . 

JEK^dnras sorghcun, leaves 

Honduras sorghnm, one-half of 2 stripped stalks, nn- 
pressed. 

Hondnras sorghnm, one-half of 2 stripped stalks, pressed 

Early Amber sorghnm, leaves 

Early Amber sorghnm, one-half of 3 stripped stalks, nn- 
pressed. ^ 

Early Amber sorghum, one-half of 3 stripped stalks, 
pressed. 



■a, 



380 
832 
875 
432 
1,428 

1,390 
399 
651 

905 



^ 



be 



460 



724 



415 



666 



458 



447 






i 



47.43 



47.91 



49.39 



rs 



U6.6 
126.0 
99.0 
100.8 
285.3 

222.7 

99.7 

157.9 

147.8 



I 

i 



67.3 
84.9 
8a7 
76.7 
80.0 

84.0 
75.0 

75.7 

83.7 



A determination of the proximate constituents of the dried leaves, stalks, and bagasse 
is given below, from which it will appear that there still remains a large amount of 
sugar in the bagasse which the process employed failed to remove from the cane or 
stiQ^ks, also that the per cent, of starch compounds is greater in the pressed than in 
the nnpressed stalks, and that the percentage of nitrogenous matter remains nearly 
the same. Since the nutritive value of the pressed stalks is nearly if not quite equal 
to that of the umpressed stalks, weight for weight, and as they are left in a mechan- 
ical condition suitable for their preservation as green fodder by the system of en- 
silage, it would appear desirable that experiments be made leading to their utiliza- 
tion for this purpose. 

Proximate analyses of stdlkSf ba^assej and leaves of sweet com and sorghum, cdloulated to 

the dry substamee. 



Organic acid, chlorophyll, 
color. 

Wax 

Brown resin 

Sugars 

Gum 

Starch isomers 

Albuminoids 

Alkali extract, by differ- 
ence. 

Crude fiber 

Ash, by ignition 



t. 

wa 

« 9 
ttjS 

SS 

a 

t3 



7.36 

.94 
6.98 

34.73 
2.14 

20.34 
4.05 



16.01 
6.55 

100.00 



I 

"a 
|l 



5.39 

.33 
&00 

38.14 
1.57 

17.67 
4.81 
5.15 

16.48 
4.46 

100.00 



I? 
I 



1 
f 

ID 



2.85 
.44 

an 

26.01 
L38 

22.44 
6.90 
6.09 

19.82 
5.96 

100.00 



9 

I 

o S 

(D 



1.47 

.35 
5.11 

19.36 
2.04 

31.46 
3.96 

13.35 

19.10 
3.80 

100. 00 



2.01 

.84 
3.53 

21.77 
2.20 

26.27 
3.87 

15.10 

20.66 
3.75 

100. 00 








• 


00 


^ 


s 


.1 




i 


fEgyp 
r-com. 


>?B 


fS 


US 


W-S, 


1 


^i 


*s** 


s 


s 


d 


>> 


if 


& 


^ 

^ 


3 


1.11 


1.46 


3.29 


.40 


5.05 


L67 


6.75 


7.91 


6.67 


10.08 


8.58 


9.37 


1.33 


3.82 


2.78 


23.16 


14.49 


2L22 


6.04 


13.14 


10.43 


22.26 


12.08 


11.98 


25.00 


17.98 


18.51 


4.87 


15.49 


14.08 


100. 00 


100. 00 


100. 00 



i 



it 



s 



1.48 

.54 

5.20 

8.21 

4.54 

24.77 

11.84 

12.65 

20.83 
10.44 

100. 00 
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By reference to the two preceding tables, it will be seen that a very large percent , 
age of the sugar was lost by the method employed in its production. 

The amount of sugar in the Early Amber cane, dry, is to the amount present in the 
Early Amber bagasse, dry, as 100 is to 55.74. 

In Honduras c/ine, dry : Honduras bagasse, dry : ; 100 : 57.98. 

In Egyptian sugar-corn, dry : Egyptian sugar-corn bagasse, dry : : 100 : 38.75. 

As will be seen from these analyses — 

Per cent, sugar. 

The Honduras cane, fresh, contained 7.62 

The Early Amber cane, fresh, contained 8.42 

The Egyptian sugar-corn, fresh, contained 3.94 

while the sugar remaining in the bagasse, calculated to the fresh cane which produced 
these bagasses, gave as follows : 

Per cent, sugar. 

Honduras sorghum , '. 3.49 

Early Amber sorghum 3.16 

Egyptian sugar-corn 1.14 

In other words, it will appear that there was occasioned a loss of— 

46.4 per cent, of the sugar present in Honduras sorghum. 

37.4 per cent, of the sugar present in Early Amber sorghum. 

20.9 per cent, of the sugar present in Egyptian sugar-corn. 

The importance, there&re, of a good mill cannot oe overestimated, aiiid it Is desir- 
able that efforts be made to devise some process by which results appjoxinaating those 
obtained in the extraction of sugar from beets shall be attained, since it is obvious 
ihat should the beet-sugar industry be conducted in so wasteful a' manner as is the 
pipil^otion of sugar from cane or from sorghum, this important industry could nol 
survive a year, even in those countries most favorably circumstanced in regard to the 
production of beet sugar. 

For convenience the following results which were obtained last year are appended, 
since these experiments were only confirmed this year, but the results have not be«u 
tabulated. 

In the experiments made with corn-stalks the stalks were invariably stripped, the 
iom bein^ cut off at about the second joint. The percentage of stripped stalks, leaves, 
ana tops is given in this table : 



Corn-stalks. 


Percent, of 
stripped 

stalks. 


Per oeiat ol 
leaves and 
tops. 


3fo.l 


• 

67.67 
58.69 
67.46 


32.^ 


Ko.2 


31.31 


Kos. 3 and 4 : 


32.54 






Average 


67.91 


32.09 


• 




In those cases where the sorghum was stripped and topped the following percentage 
of stripped stalks and of leaves and tops was obtained: 


• 

Sorghum. 


Per cent, of 
stripped 
stalks. 


Percent, of 
leaves and 
tops. 


No. 5 


72.67 
72.55 


27.33 


No. 6 


27.45 






Average * 


72.61 


27.39 







On account of the trouble in stripping the stalks, experiments were made with stalks 
unstripped, the tops alone being removed, and these experiments appear to prove that 
this troublesome operation of stripping may be avoided without any diminution of 
the amount of juice or of sugar obtained therefrom. 

Below are the results obtained from stripped and unstripped sorghum, calculated to 
the raw stalks used. 

By raw stalks is meant the stalks as they were cut in the field, leaves, tops, and all. 



Stripped sorghnm, two experiments ... 
Unstripped sorghnm, five experiments. 



Average ]^er 
cent, of juice 
to raw stalks. 



35.02 
40.60 



Average per 
cent, sirup 
in juice. 



15.00 
15.47 
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From the above it will be seen that not only was an increased amonnt of jnice ob- 
tained, but that this jnice gave an increased percentage of simp, and there appears 
nothing nnusnal in the treatment of this juice from the unstripped cane, nor was there 
any appreciable difference in the readiness of the sirup to crystallize, nor in the char- 
acter of the sugar finally obtained. 

Although perhaps further experiments are desirable before considering this point as 
settled, it would appear from the above that not only was stripping unnecessary, but 
that it really involved a loss in the amount of sugar to be obtained ; at least the above 
results indicate a difference of twenty per cent, increase in product in favor of the un- 
stripped cane. It is not improbable that the above result is due to the fact that the 
leaves in passing through the mill tended to fill up the interstices between the com- 
pressed cane, and thus prevented the expressed juice from flowing through between 
the rolls with the bagasse. In case of discoloration by action of moisture or other 
causes, it will, however, be advisable, and probably necessary, to strip the stalks. 

Several experiments were also made with both corn-stalks and sorghum to determine 
the relative value of the upper and lower half of the stalks, with the results given in 
the fbllowing table : 



Cem-stalks, butt ends, Ko. 3. 
Corn-stalks, top ends, ^o. 4 . . 
Sorghnm, butt ends, ^o. 8 . . , 
Sotghtiin, butt ends, No. 10. .. 

Sotghtun, top ends, No. 9 

Sorgfaum, top ends,' No. 11 



'1 



Percentage of 
juice to swlks. 



29.04 
19.94 
47.49 
41.49 
43.16 
34.09 



Specific gx&v- 
fty of juice. 



Percentage of 
simp in juice. 



1053 ' 14. 62 

1050 i 13.46 

1059 , 16.41 

1062 i 16. 47 

1057 I 14.70 

1059 14. 26 



No8. 8 and 9 were the butts and tops of the same stalks, and were cut just after a 
rain, as were also Nos. 10 and 11, from which the rain had evaporated, and the 
difference in yield of juice and simp between butta and tops is nearly constant. The 
increase in specific gravity of the juice from butts over that from the top is also worthy 
of notice. 

From the above table the conclusion from the average results is, that the proportion, 
by weight, of sugar in the lower half of the stalk is to the silgar in the upper half as 
follows : Com butts to oom tops as 159 to 100 ; sorghum butts to sorghum tops as 131 
is to 100. As will be seen by reference to the first table, the stalks af both com and 
sorghum in the above experiment were divided almost equally by weight into butts 
and tops, so that the above proportion fairly represents the proportion of yield of sugar 
in the upper and lower hair of the cane. There was a marked difference in the ap- 
pearance of the juice as it flowed from the mill (that from the butts being lighter in 
color^ especially in the experiments with com), but after clarification no appreciable 
dlflference could be observed, nor was there any difference in the product except the 
quantitative one above mentioned, which was, however, a marked difference. Also, 
there was a marked difference in granulation in favor of the juice from the butts. 

The experiments of this year (1879) doubtless explain some of the results of the 
ptevious year ; since it is probably true that, owing to immaturity, the tops had not 
yet attained their maximum content of sugar. A study of the previous tables giving 
results of the analysis of sorghums shows that up to a certain period the lower half of 
the cane is the best, but that this does not remain true of the sorghum, as it does of 
the sugar-cane in Louisiana, since the sorghum does have time to completely mature, 
which is not true of the sugar-cane in our country. 

In the following table there have been calculated from the results given of the ex- 
periments in the making of sugar the following : 

1st. The percentages of the sugar present in the juices operated upon, which were 
obtained in the simp. 

2d. The percentage of crystallizable sugar (sucrose) present in the juices which was 
obtained in the sirup. 

3d. The percentage of uncrystallizable sugar (glucose) present in the juices, which 
was obtained in the simp. 

4th. The percentage of crystallizable sugar present in the juices, which was inverted 
by the process of manufacture. 

5th. The percentage of uncrystdUizable sugar (glucose) destroyed during the process 
of manufacture. 

The presence of the same relative proportions of crystallizable and uncrystallizable 
sugar in a simp to those present in the juice from which this srup has been prepared, 
by no means implies that there has been no inversion of the crystallizable sugar ; for 
the destructive action of an excess of lime upon glucose is well known and is nojb un- 
frequently made available in the production of sugar. Hence it not unfrequently 
happens that the relative quantity of crystallizable sugar in the sirup may be great ]y 
in excess of that present in the juice, even after alarge quantity of the crystalli; :ibl<^ 
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sugar has been destroyed by inversion. It is only possible then to determine the char- 
acter of the changes which have taken place in the sugars during the process of manu- 
facture, by quantitatively determining the amounts of sucrose and glucose in the 
juices and in the sirups prepared from them. 

Since, obviously, this is a question of the greatest practical importance, as hearing 
upon the profitableness of the production of sugar from corn-stalks or sorghum, the 
tables followinff will be studied with interest by those engaged in this prodiiction. 

As will have ueen observed in the previous table, there is a constant but not uai- 
form discrepancy between the polarization of the sirups and the amount of crystal- 
lizable sugar found present by analysis. 

Almost invariably the amount of sucrose found present is somewhat in excess of the 
amount indicated by the polariscope, and this variation is such as to forbid any sup- 
position that it is the result of error in observation or in analytical work. 

This explanation may be found by consulting the following tables, by which it ap- 
pears that, although there is generally about the same amount of glucose in the sirups 
relative to the amount present in the juice (averaging 97.1 per cent.), there is still 
evidence of the destraction of an average of 35 per cent, of the glucose. This destruc- 
tion of glucose appears to be compensated, in part, by the inversion of a certain por- 
tion of the crystallizable sugar, and this inverted sugar possesses such action upon the 
polarized ray as to render the results of the polariscope practically worthless. 

Practically, it appears that the proportion of crystallizable sugar present in the 
juice, which may be obtained in the sirup, dei)end8 greatly upon the condition of the 
stalks when worked. For, as will be seen, the average amount secured in all these ex- 
periments was but 77.1 per cent., still in those sirups prepared fronk canes which were 
in the proper condition the amount was over 90 per cent, of the crystallizable sugar 
present in the juice operated upon. (See experiments Nos. 6 and 7.) It is not im- 
probable that even better results may be secured after further experiments shall have 
perfected the process of manufacture ; but in view of the fact that such results have 
been attained with such crude and simple apparatus as that employed in the experi- 
ments here recorded, this result is highly gratifying. 

We may hope then to secure in sirup 90 per cent, of the crystallizable sugar present 
in the juice operated upon. 
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82.3 
74.7 
83.3 
85.1 
94.4 
92.9 
77.4 
89.5 
91.8 
79.0 
82.1 
80.4 
86.4 
95.6 



66.7 
66.1 
76.0 
80.2 
89.1 
91.7 
57.7 
87.1 
95.7 
69.7 
79.8 
67.5 
68.9 
98.7 



138.3 

102.1 

106.0 

107.8 

120.9 

103.6 

127.7 

96.5 

90.7 

91.2 

91.3 

114.5 

98.6 

110.6 



33.3 
33.9 
24.0 
19.8 
10.9 

8.3 
42.3 
12.9 

4.3 
30.3 
20.2 
32.5 
31.1 

1.3 



0.0 
3L8 
18.0 
12.0 



4.7 
14.6 
16.4 
13.6 
39.1 
28.9 
18.0 
32.5 



87.4 
75.5 
71.8 
76.1 
87.2 
86.3 
90.8 



83.3 
68.8 
69.7 
77.2 
82.9 
85.6 
69.3 



96.7 
103.5 
80.4 
71.3 
96.8 
87.2 
98.3 



16.7 
31.2 
30.3 
22.8 
17.1 
14.4 
30.7 



20.0 
27.7 
49.9 
51.5 
20.3 
27.2 
32.4 



102.2 
58.3 
79.2 



102.7 
29.7 
28.8 



102.0 
25.8 
37.5 



70.3 
71.2 



144.5 
133.7 



I, 



Arorage 



96.1 

85.4 

118.5 

""84.'9' 

85.5 



98.5 

79.2 

110.1 

""77.*5' 

77.1 



92.8 

96.1 

133.2 

'93."7 

97.0 



1.5 

, 20.8 



22.5 
24.2 



8.7 
24.7 



28.8 
34.7 
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The results obtained in the experiments made with stalks from Stowell's Evergreen 
Sweet Corn are most remarkable and demand explanation. It will be seen that the 
joice obtained from these stalks gave in the laboratory excellent results, and promised 
a sirup of fine quality. . By reference to the tables it will be seen, however, that these 
sirups' (see experiments Nos. 26 and ji7) were wholly abnormal and very disappointing. 
These stalks were out in Frederick, Md., October 11, packed in a close car, and, through 
an oversight, allowed so to remain during oppressively hot weather until the 15th. 
They were worked up on the 16th, 17th, and 18th. Upon their arrival at Washington 
they were found so heated as to render their removal from the car even difficult, and 
yet, as will be seen, the juice expressed from them appeared of excellent quality, but 
every attempt to produce from it a crystallizable sirup failed, and an analysis of the 
sirup showed that a very large percentage of the sugar had been inverted (in exper- 
iments Nos. 26 and 27), and that the destruction of glucose in the sirup had been un- 
usually large, while the amount of crystallizable sugar present in the juice, and re- 
covered in the sirup, was less than 30 per cent. 

A few of the results attained appear to be only explicable upon the supposition that 
there have been slight errors in analysis, but revision of the work fails to reveal such 
errors, and the results are given in full without omission, hoping that future investi- 
gation may enable us to solve difficulties whii/h at present appear irreconcilable. 

Comparison of the upper and lofoer h'Ulves of sorgkum-eanes. 

Per cent. 

t 

Averagft per cent, pf water in 17 specimens of Chinese sorghum tops. . 73. 05 

Average per cent, of water in 16 specimens of Chinese sorghum butts. . 74. 46 

Average per cent, of wat^ in 20 specimens of Honduras sorghum tops. . 72. 57 

Average per cent, of water in 20 specimens of Honduras sprghum.. .butts.. 76. 15 

Average per cent, of water in 23 specimens of Liberian sorghum tops.. 71. 67 

Average per cent, of water in 23 specimens of Liberian sorghum . : . .butts . . 75. 22 

Average per cent, of water in 22 specimens of Early Amber sorghum . . .tops . . 72. 73 

Average per cent, of water in 22 specimens of Early Amber sorghum. butts.. 72. 13 

Average per cent, of juice from 10 specimens of Chinese sorghum.... tops.. 45. 17 

Average per cent, of juice from 10 specimens of Chinese sorghum., .butts.. 49. 89 

Average per cent, of juice from 16 specimens of Honduras sorghiun. ..tops.. 42. 88 

Average per cent, of juice from 17 specimens of Honduras sorghum.. butts. . 45. 44 

Average per cent, of juice from 13 specimens of Liberian sorghum tops.. 42. 63 

Average per cent, of juice from 13 specimens of Liberian sorghum. ..butts.. 44. 50 

Average per cent, of juice from 11 specimens of Early Amber sorghum . . tops . 46. 68 

Average per cent, of j nice from 11 specimens of Early Amber sorghum-butts . . 50. 58 
Average specific gravity of juice from 17 specimens of Chinese sorghum, 

tops "- 1.0725 

Average specific gravity of juice from 17 specimens of Chinese sorghum, 

butts 1.0708 

Average specific gravity of juice from 21 specimens of Honduras sorghum, 

tops * 1,0602 

Average specific gravity of juice from 21 specimens of Honduras sorghum, 

bntts 1.0584 

Average specific gravity of juice from 24 specimens of Liberian sorghum, 

tops 1.0753 

Average specific gravity of juice from 24 specimens of Liberian sorghum, 

butts 1.0730 

Average specific gravity of juice from 22 specimens of Early Amber sorghum, 

tops 1.0765 

Average specific gravity of juice from 22 specimens of Early Amber sorghum, 

butts 1.0771 

Average per cent, of solid matter in juice from 16 specimens of Chinese sor- 
ghum tops.. 16.21 

Average per cent, of solid matter in juice from 17 specimens of Chinese sor- 
ghum , butts.. 16.81' 

Average per cent, of solid matter in juice from 19 specimens of Honduras sor- . 

ghum tops.. 13.85 

Average per cent, of solid matter in juice from 2Q specimens of Honduras sor- 
ghum * butts.. 13,82 

Average per cent, of solid matter in juice from 23 specimens of Liberian sor- 
ghum. tops.. 16.91 

Average per cent, of solid matter in juice from 22 specimens of Liberian sor- 
ghum butts.. 16.71 

Average per cent, of solid matter in juice from 19 specimens of Early Amber 

sorglium tops.. 17.59 

Average per cent, of solid matter in juice from 21 specimens of Early Amber 

sorghum butts.. 16.75 
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Per cent 

Average i>er cent, of water in tops, 79 specimens 72. 45 

Average per cent, of water in butts, 79 specimeDS 74.51 

Average per cent, of juice from tops, 50 specimens 43. 96 

Average per cent, of juice from butts, 51 specimens 4G. 90 

Average per cent, of solids in juice from tops, 77 specimens 16. 18 

Average per cent, of solids in juice from butts, 80 specimens 16. §2 

Average specific gravity of juice from tops, 84 specimens 10. 71 

Average specific gravity of juice from butts, 84 specimens 10. 70 

From the above comparison it will appear that»there exists no marked difl:erence iu 
the amount of juice present in the upper and lower halves of the canes, nor iu the 
quality of this juice as indicated by either the relative specific gravities or the total 
amount of solid matter present in the juices. 

But by reference to the previous tables, giving the results in detail, the fact will 
appear in the case of each of the sorghums examined that, during the early stages of 
development of these plants, the total sugars present in the juices is comparatively 
low, often not one-third of the maximum afterwards found in the plant, and conse- 
quently the amount of sirup possible to be made from this indmature cane is x)ropor- 
tionately less than that which the same stalks would yield when fully matured. 

It will also appear that, during this early and immature state of the plant, the rela- 
tive amount of crystallizable sugar (sucrose) as compared with the total sugars present 
is much greater in the lower half of the canes. This condition remains, apparently, 
until the seed has reached the milky state, at which time the jui(!bs in both parts of 
the plant appear to be of equal value. But it must not be undei-stood that the maxi- 
mum content of sugar in the plant has been reached at this period of development; 
since, as will be seen by th^ tables, this is far from the fact. 

From this period in the plant's development imtil the perfect ripening of the seed, 
the juices appear to uniformly increase in their content of crystallizable sugar, and to 
decrease in their content of uncrystallizable sugar. 

Still later in the history of the plant there appears a slight deterioration in the qual- 
ity of the juice from the lower half of the stalk, and it is found generally to be some- 
what inferior to the juice from the upper half. 

It appears probable that this deterioration of the juice from the lower part of the 
eane marks the incipient stages of death and the ultimate decay of the plant, the roots 
and leaves failing in their office to supply the full amount of nourishment w^hich the 
plant requires. It begins to feed upon itself, so to speak, and it is to be observed that 
at this period the oif-shoots from the upper joints of the stalk begin a vigorous growth 
and appear to live as parasites upon the parent stalk. 

It will appear also that at the first examinations the specific gravity of the juices 
from the lower half of the cane is almost invariably greater than that of the juices 
from the upper halves, and that an equality of specific gravity appears to indicate an 
equality between the juices in their content of sugar not ouly, but in its relative i)ro- 
portions of sucrose and glucose. 

Proximate analyses have been made of the seed of two varieties of sorghum, the 
early amber and the Chinese, the results of which are given below. It will be seen 
that this seed differs but little in composition from the other cereals, and closely 
resembles com, and it will doubtless prove valua\ble as food for farm stock. 



Sorghum seeds. 



!!Early amber, i Chineae. 



MoiBture 10.57 9.93 

Ash 1.81 1.47 

F^ I 4.60 3.95 

HugtaB I 1.91 2.70 

Albmnen, insoluble in alcohol j 2.64 2.64 

Albumen, soluble in alcohol 7. 34 6. 90 

Gum 1.10 .75? 

Starch, color, &c ' 68.56 70.17 

Crndefiber 1.48 1.52 



• 



100.00 I 100.00 



Moisture was estimated from loss by drying at 105° C. Ash, by simple ignition; 
total albuminoids from total nitrogen multiplied by 6.25. Under "sugars" is given 
that portion of the 80 per cent, alcohol extract which was found soluble in water. 
The insoluble portion of this alcohol extract included a little red coloring matter, but 
otherwise seemed to be identical with the "zein" of maize. Gum was extracted by 
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water, after use of ether and alcohol. Fat was extracted directly fipom the sample by 
absolute ether ; it was yellowish, semi-solid, and very much resembled the fat simi^ 
larly extracted from com. Starch, color, <&c., were determined by difference. In 
early amber there was found 64.05 per cent., and in Chinese sorghum 64.74 per cent, 
of starch by titration, with Fehling^s solution of an acid extract made after extraction 
with ether, alcohol, and water. 

Crude fiber is that portion, ash free, which still remains insoluble after treatment 
of the sample with ether, alcohol, water, dilute hydrochloric acid, and dilute potassie 
hydrate. It is usually white or slightly gray, and free from nitrogen. 

Proximate analyses have also been made of the scum and sediment obtained in defe- 
cating the juice, with a view of throwing light upon the chemical character of this 
important process. 

The result's of these analyses are given below. 



'■. Liberiau 
< lime pre- 
I eipitate. 



)ioistaie , 9.77 

Aah 21.69 

Chlorophyll and wax ! 17. W 

Sl(i^ I 10. SO 

KefBnsaad trace albumen —3.61 

Crnm , 6.02 

Albuminoids 22.68 

Hiumw-like substances, diff - -5. 73 

Crude fiber I 2.20 

Stareh isomers ., , Trace. 



100.00 



Honduras 
lime pre- 
cipitate. 



7.69 
7.00 
8.95 

43.96 
3.26 

11.40 
4.55 

12. 71 

.48 

Trace. 



100.00 



flonduras 
skimmiAga. 



.5.73 
14. 8« 
14.44 
15.06 

6.m 

11. !• 
8.05 
5.5« 
5.4« 

15. 1» 



100. 0* 



The large amount of ash in Liberiau lime precipitate and Honduras skimmings i» 
due to the presence of considerable clay, which had been used to hasten the clannca- 
tion of the juice. There was little or no clay njresent in Honduras lime precipitate. 
The claying seems mechanically to have carried down a large proportion of the alb«- 
mcsa in the Liberiau lime precipitate. 

The very great dififereuce in these waste products is probably due almost wholly t* 
difpDrences in the manipulation of the juices. 

^ery probably there exists in lime precipitates a combined organic acid ; this will be 
investigated in the future. 

Whoever may detect error in the methods employed, or in the results stated, will 
confer a favor by mentioning the same. 

It is certainly most desirable that these experiments be continued upon a larger 
scale, and with at least a dozen varieties of sorghum and an equal number of varie- 
ties of sweet, yellow, and white com. 

At least an acre of efich variety should be grown, and the development of each 
should be watched through the season, and when the proper time for working up the 
crop has come, let the acre be worked up for sugar. Such an experiment would require 
little outlay and be productive of invaluable results. It would require at least three or 
four assistants additional in the chemical laboratory to attend to the continued analy- 
ses of the canes, and would necessitate a somewhat larger apparatus for working up 
the crop. 

The correspondence addressed to this division upon this subject of sugar has steadily 
increased until it requires nearly all the time of one assistant to attend to it. 

THE FKRMANG.\XATK PROCESS FOR THE ESTIMATION OF SUGARS IN JUICES. 

1. Preparation of the j^uice. 

Uswally two stalks were selected for analysis. Their maturitv, as shown by the 
development of blossoms, seeds, and the color and condition of the glumes, was re- 
corded. Then were noted — 

a. The weight of the unstripped stalks. 

h. The weight of the stripped and topped stalks, and, by difference, the weight of 
leaves and tops. . 

c. The average length and diameter of the stripped stalks. 

These stripped stalks were then divided so that tops and butts were of equal weight. 
Then was found — 

d. The average length each of tops and butts. The tops and butts were then sepa- 
rately analyzed. Each by itself was cut finely with a hatchet, and then bruised in 
an iron mortar. The bruised mass was then placed in a small bag, and submitted to 
a heavy pressure in an ordinary iron press. 
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The ex][»re88e<l jaice was collected and weighed, and the percentage caloolaied to 
the unatnpped stalks taken. 

The juice thus obtained usually was greenish from the presence of chlorophylL As 
the plant matured, the color of the juice inclined to amber, and in perfectly ripe stalks 
(especially of the Early Amber variety) the color was red, from the presence, in the 
central portion of the stalk, of a red coloring matter sparingly soluble m ether, readily 
dissolved by 80 per cent, alcohol. 

The specific gravity of the juice was determined usually by a piknometer. It was 
found that the readings given by an accurate hydrometer accorded well with the 
specific gravity indicated by weight, if the juice was previously allowed to stand for 
about half an hour, to allow included air to escape. 

A weighed portion of the juice was dried, at a heat not exceeding 100^ C, until two 
successive weights showed but little variation ; the percentage of residue thus found 
was stated as total solids in Juice. These figures can be regarded only as fair approxi- 
mations, for chemists are well aware of the difficulties attending the perfect desicca- 
tion of saccharine juices. In*this connection, however, the results are valuable as 
checks upon the sugar determinations. 

For determination of sugars in the juice 100 c. c. were taken, and made in every case 
te 125 c. c. by addition of solution of subacetate of lead and water. Among other sub- 
stances precipitated by the treatment were chlorophyll, albumenoid matter, gum, and 
lead salts of the inorganic acids of the ash. 

The liqid was filtered perfectly clear through dry paper, and was sometimes colorless 
and sometimes amber. Every 10 c. c. of this liquid repiesented 8 c. c. of the original 
juice. 

For the determination of inverted sugar, 10 c. c. of this filtered liquor were taken, 
and for sucrose .5 c. c. 

The portion for glucose was treated with considerable excess of Fehling's solution, 
and carefully heated on the water-bath, a thermometer being inserted in the liquid, 
which was not allowed to rise above 75^ C. At this temperature perfectly pure sucrose 
does not reduce Fehling's solution in the least. 

The portion for sucrose was inverted by boiling half an hour with slight excess of 
dilute hydrochloric acid. The inverted sugar thus formed was then treated with large 
excess of Fehling^s solution, exactly a» above described, except that it was not neces- 
sary to keep the temperature lower than the heat of the water-bath (100° C). 

The precipitated red suboxide of copper was then thoroughly washed with hot 
water by decantation and filtration (without aspiration usually) through fine paper. 
It was then dissolved in an acid (sulphuric) solution of ferric sulphate, and the am^vnt 
of ferrous salt determined by titration with potassium permanganate. 

This method for determining glucose depends upon the following facts : 

1. That two molecules (360 parts by weight) of glucose (Ce H13 Oe) will reduce fitom 
Fehling's solution i^ve molecules of cuprous oxide (5 Cua O). 

2. That the five molecules of cuprous oxide thus precipitated wiU reduce in acid 
sol. five molecules of ferric sulphate (Fe2 (S O4) 3) to form ten molecules (1,520 parts 
by weight) of ferrous sulphate (Fe. S O4) as is explained by the following eqnatioa: 

5 5Cu80 > , 55Fe2(804)3^ . 55H88O4? 510CuSO4^ , 
) 715 parts < "^ > 2,000 parts < "^ >'490 parts J — > 1,595 parte J "^ 

510FeSO4K ^ 5H3O ? 

I l,520parts J "*'i 90 parts 5 

The ten molecules of ferrous sulphate thus formed will decolorize one moleoale 
(316.2 parts by weight) of potassium permanganate (Ka Mua Og), thus: 

5 10FeSO4 ? , 5 KaMuaOs ( , 5 8 H3 SO4 ? 5 5 Fea (804)3 ? , 5 2 Mn S O4 K 
\ 1,520 parts J "♦" > 316.2 parts J "*" > 784 parts J ~ { 2.000 parts J "*" ^ 302 parts J "^ 

5 K3SO4 ? , 5 8H2O ? 

I 174.2 parts 5 "*" J 144 parts 5 

By followmg this explanation, it appears that two molecules of glucose are exactly 
represented by one molecule of potassium permanganate, as will appear from the fol- 
lowing, by omitting the second and third members of the series. Thus: 

5 2CaHi.206i_5 5CU3O ?_5 10FeSO4 ?_5 KaMnaOg ? 
I 360 parts $ ~ ( 715 parts S ~ ( 1,520 parts 5 ~ \ 316.2 parts J 

In other words, 316.2 parts by weight of potassium permangan*ate are equivalent to 
360 parts of glucose, or one part of permanganate corresponds to 1.1385 parts of 
glucose. If, ttien, the amount of permanganate decolorized be multiplied by 1.13^ it 
will correctly represent the amount of glucose present. So much for the theoretical 
explanation. In practice it is found that each chemist must determine for himself his 
titration error by estimations made upon sugar of known purity. 
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This individual error is dae to the difficulty in determining the exact end reaction; 
experience has shown, in the course of this work, that the point where the color of the 
permanganate barely appears in the rapidly agitated liquid is nearly identical with 
the true end reaction. Seme operators carry the titration a little farther until a faint 
rose tint is permanent for about two seconds. Each man who has done this work has 
carefully determined his titration error, and all figures submitted have been corrected 
therefor. The iron solution works best if very strongly acidulated with sulphuric 
acid. The most convenient strength for the permanganate solution is 4.392 grams to 
the liter, equal to .005 grams glucose for each cubic centimeter. 

In the earlier part of these determinations it was not considered necessary to thor- 
oughly wash the precipitated suboxide of copper before dissolving it in the ferric 
sulphate solution. Carefully performed experiments, however, showed that washing 
was best, and that the result>s obtained on unwashed suboxide would equal those on 
the washed if multiplied by .9676 for glucose and by .9438 for sucrose. 

As the results of much careful work it appears that, if the suboxide be well washed, 
and if each operator determines his titration error, the determination of glucose by 
this method is very accurate. 

The amount of glucose found was divided by the weight of 8 c. c. of the juice ana- 
lyzed for percentage of glucose. The sucrose was found by subtracting from the total 
gluooee after inversion the amount originally present in 4 c. c. of the juice, and mul- 
tiplying the remaining glucose by .95. The percentage was then calculated in the * 
usual way. 

Respectfully, 

PETER COLLIER, 
CkenUat, Agrieulturdl Department, 

MACHINERY. 

[Replying to your inqairy relative to the different kinds of machinery 
for making sugar from sorghum, I would remark that the juices of the 
various kinds of sorghum examined by the department (and the same 
is true without doubt of all varieties of sorghum) are so nearly similar 
to the juice of the tropical sugar-cane (8(iccharum officinamm) that the 
same machinery and the same processes will undoubtedly be as useful 
in the manipulation of the one as of the other. 

Heretofore sorghum has been grown for the purpose of making sirup 
in almost every part of the country where com would grow j and in this 
manufacture a certain class of machinery, known as sorgo-machinery, 
has become general. This machinery is simple and strong in structure, 
and as now made consists ordinarily of three rollers, which are either 
vertical or horizontal, and are driven by horse, steam, or other power. 
Having a capacity for work in prox)ortion to the i)0wer employed and 
the size of the mill, and varying but little in construction, it is manu- 
factured in all parts of the United States and can be obtained at low 
rates at almost any large machine-shop. 

The cuts here presented in illustration of the leading classes of sugar- 
making machinery have been kindly fiimished by two or three houses 
largely engaged in the manufacture } but machinery of like character 
is made in almost every county in the United States in which there is a 
large iron-working establishment. Whatever difference of opinion may 
exist relative to the comparative efficiency of liie several mills and 
pans on the market must be decided by the individuals who wish to pur- 
chase. They will not and need not necessarily be confined to any special 
kind, as there are many desirable sorts for sale throughout the country. 
By way of comparison the illustrations embrace some that represent the 
primitive methods of sugar-making among the Hindoos and other 
nations. 

The cost of a small outfit necessary to work up the product of the 
ten to fifty acres of sorghum that one or two farmers might raise in a 
neighborhood, would be from $150 to $500, while mills required in 
larger operations would, of course, necessitate a proportional increase in 
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expenditure. The pkint or apparatus commonly employed at this time 
i^ the manufacture of sorghum syrup consists of a small three-roller 
Miill, for expressing the juice ; one or more tanks for receiving it and 
heating it to a point where lime or other defecating agents may be used 
(if it be thought necessary to use them at all), and a shallow pan or 
two for evaporation. However, much fuller information on this subject 
than I can now give will be found in the proceedings of the convention 
of the Northwestern Sugar Growers' Association, before referred to. 

In the practical manufacture of sugar, in a large way, from sorghum 
and corn-stalks, it will be found necessary, I have no doubt, to estab- 
lish large central factories or mills, having the same relations to this in- 
4uBtry as do the grist-miUs of a neighborhood, to-day, to wheat and com. 
Mills of this character should be capable of handling at least 500 acres 
•f sorghum or corn during one season, and I am informed by manufact- 
urers of machinery who have considered the subject with care that 
such mills may be built for a sum not exceeding $12,500, and that pos- 
sibly this amount would also afford a margin for a fair working capital 
for the operations of a single season. This central factory would be able 
to work up not only the cane from 500 acres during a season, but also to 
rework into sugar the product of the small mills established at greater or 
less distances around it that had carried their operations no further than 
the manufacture of concentrated sirup, weighing, say, ten pounds to the 
gallon. 

Probably it will be more profitable to the average farmer to simply 
convert the juice of his stalks into a sirup and sell it as such to a mill 
]|^repared for making sugar in a large way, with vacuum-pans and 
centrifugals, than it would be to work his cane into sugar himself. For 
although good sugar ha« been made during the past season by open-pan 
evaporation by small farmers in many parts of the country, and made 
at a profit, yet the time must come when the competition in the mann- 
facture of sugar will be so great as to reduce the profits materially, and 
to demand the closest economy in all the various processes of cultivation 
and subsequent manipulation. Until, however, the supply shall begin 
to equal our home demand there will probably be a very fair profit to 
the average farmer with his small mill and open-pan evaporation in 
naking sugar, molasses, and vinegar; for vinegar is one of the products 
#f this industry which is of importance, the skimmings and other refase 
Making an excellent article that finds ready sale at remunerative prices. 

The entire cost fl?om the first breaking up of the land, a»d carefally 
•Ounting every expenditure at the current cash prices of the country for 
laborand other things, the entire cost of production in the Western States. 
the past season, of a gallon of ^^ense sirup, weighing say 13 pounds, did 
H0t exceed 16§ cents on an average. (It is quite possible to produce it 
at less cost.) These 13 pounds of sirup, if properly managed, should 
give from 6 or 8 pounds of sugar; and, if handled by the centrifugal, 
Isbe sugar ca& be separated from the sirup at a fraction of one cent, per 
pound. 

I am informed by Mr. Thorns, an experienced sugar boiler, employed 
last season at the Crystal Lake Sugar Works, nSnois, at which were 
made many thousand pounds of good sugar, that with trimmed cane 
delivered at the mill door, he can make and deliver the sugar at the 
mill for 1 J cents per pound, a statement corroborated by Mr. Russell, 
•f Janesville, Wis., late superintendent of the Crystal Lake Factory 
during the season of 1879. 

The trimmed stalks can be boaght for from $2 to $4 per ton de- 
Mvered at the mill; and the farmer can very well afford to dehver tfc©iB 
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for this price, as he can raise from 15 to 30 tons per acre, and obtain 
besides a crop of seed equal in value to a fair crop of oat^ from the 
same number of acres, to say nothing of the large supply of excellent 
blade fodder. If we assume 20 tons of stalks per acre (and it is not too 
high an estimate for good land), the yield per acre would be from $60 
to $80 delivered; and if the liaul was not too long, this would be ex- 
ceedingly profitable to the grower. If the haul should be so long as to 
preclude a profit^ then it would be necessary for the farmer to have a 
small mill to reduce the juice to a dense sirup, as has been described, 
Bud to market it at the large factory in that condition. 

Although a fair measure of success* has rewarded the efforts of 
many who were engaged, the past season, in the manufacture of sugar 
from sorghum, yet to obtain sugar uniformly and profitably from the 
juice of the various sugar-producing plants, under differing condi- 
tions of soil and seasons, experience is requisite as well as theoretic 
knowledge. 

Instruction in this matter is of the utmost importance, and hence it 
is desirable that the Department of Agriculture should be authorized 

* The following table is an epitome of the reports received by the department from 
those to whom the seed of the Early Amber cane was sent. Many of those reporting 
were entirely unaccustomed to the cultivation of this crop, and consequently were only 
partiaUy successful. Others had the experience of some years to aid them, and from 
these the report* are uniformly favorable, and some remarkably favorable. A yield 
of at least 2O0 gallons of dense sirup per acre (worth 40 cents to 50 cents per gallon) 
it would seem reasonable to expect as the result of good seasons, good soil, good cul- 
tivation, and good miUing. 
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and empowered to make such experiments (at various central points, 
easily reached by those who are interested) as vnU practically instruct 
the people in all the, various processes and machinery heretofore suc- 
cessfully used, and to discover, if possible, other and better methods of 
speedily obtaining the object in view, viz., the production of our own 
sugar and the consequent saving of the large sum annually paid for for- 
eign sugar. The passage of Senate bill Fo. 1614 (referred to me) would 
enable the Department to institute important experiments in at least 
three localities that would go far to determine in a scientific manner the 
questions in the way of a speedy solution of the problem. 



CONSUMPTION AND PRODUCTION. 

Of your several inquiries there remains to be considered only the ques- 
tion of statistics relative to the consumption and production of sugar in 
the United States. 

Perhaps I cannot make better reply to this inquiry than has already 
been made in my annual report for 1878. In that report the consump- 
tion from 1866 to 1878 inclusive for the entire country is given as follows: 



Foimdfl. 

1866 1,012,799,904 

1867 870,526,017 

1868 1,195,120,413 

1869 1,309,847,125 

1870 1,306,202,065 

1871 1,327,456,300 

1872 1,565,760,616 



PonndB. 

1873 . 1,525, 974, Wl 

1874 -. 1,705,193,854 

1875 1,859,159,674 

18r6 1,604,947,164 

1877 1,731,573,568 

1878 1,991,744,160 



For the same years the production of cane sugar in the United States 
was as follows : 



Pounds. 

1866 47,150,000 

1867 43,294,050 

1868 96,894,400 

1869 100,153,500 

1870 166,613,150 

1871 147,730,150 

1872 124,798,000 



Poaiid& 

1873 102,922,700 

1874 134,r)04,G91 

1875 163,418,070 

1876 190,672,57(1 

1877 147,101,941 

1878 257,094,160 

1879 210,670,000 



In addition to this amount of sugar from cane there wore produced, 
from 1866 to 1877 inclusive, 459,031,151 pounds of maple sugar. 

The consumption of sugar for the year 1879 was within a small frac- 
tion of 40 pounds per capita of our population, being an increase of 
nearly 10 pounds per capita since the decade of 1860-'70 and of 15 pounds 
since the decade 1850-'60. 

From these and other tables in our possession, it is found that over 
and above the amount of all sugars produced in the United States since 
1849 we have consumed during the same period not less than eighteen 
hundred and odd millions of dollars' worth of foreign sugars and their 
allied products, or an amount of sugar more than equal in value to all 
the precious metals mined in the country since the discovery of gold in 
California, and nearly equal to the public debt at the present time. Es- 
timating the population of the United States at 50,000,000, and multi- 
plying this number by the pounds (40) per capita consumed in 1879, we 
have for the consumption of that year a total of 2,000,000,000 pounds. 
Of this amount 1,743,560,000 pounds, or more than 80 per cent., besides 
38,395,575 gallons of molasses (the whole valued at $7p,017,145, or, duty 
added, $114,516,745), were imported. To bring the vast amount ot 
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sugar imported iuto the country within more easy comprehension, we 
have only to ima^ne five vessels of nearly 500 tons each and loaded 
-with sugar arriving daily at our ports each day in the year. To convey 
the whole amount consumed would require five trains of twenty cars 
each* starting daily for one thousand days. 

I have the honor to be, very respectfully, 

WM. G. LB DUO, 

Commissi&ner. 



A. 

ILLUSTRATIONS OP SUGAR PLANTS. 

Of the foUowing plates the first four represent varieties of sugar-cane grown, during 
the past season, on the grounds of the Department of Agriculture at Washington and 
used in the experiments of the Chemical Division, as detailed in Professor Collier's 
accompanying report. The drawings were made hy a gentleman employed in the 
department. The designations given them ore somewhat different from those current 
in some parts of the country, but are conformed to what are believed to be the most 
authoritative standards. 

Plate I represents the Early Amber sugar-cane, the favorite variety with planters iii 
Minnesota and the Northwest. What is now called the Minnesota Early Amber cane 
is claimed as an improvement upon the Early Amber varieties growing formerly in 
different parts of Minnesota, by Hon. Seth M. Kenny and Mr. C. F. Miller, of that 
State. Acting on the theory that cane in a high latitude will degenerate if grown 
continuously from its own seed, these gentlemen selected the finest specimens of seed 
from their own crops and sent them to a southern latitude to be grown. The seed 
product of this southern growth was returned to Mmnesota. By this alternation of 
seed, and by other intelligent processes of culture, they have succeeded in establishing 
a new and permanent variety, which they claim to be more productive in weight of 
cane and to contain a higher per cent, of saccharine matter than any other grown in 
that State. This claim needs to be substantiated by more careful and extended ob- 
servations before it can be said to be fully established. 

Messrs. Kenny and Miller describe the Early Amber cane a^ presenting *Hhe char- 
acteristics of both sorgo and imphee." By sorgo they mean the Chinese sorgo (Plate 
II), and by imphee, t£e White Llberian (Plate III), and its kindred African varieties. 
The Early Amber receives its name from its early ripening and from the bright amber 
color which characterizes its sirup when properly made. It is very rich in saccharine 
matter. When scientifically treated its products are destitute of that peculiar 
" sorghum" taste formerly complained of; the flavor is very similar to that of pure 
honey. The sirup readily granulates and yields sugar equal to the best ribbon cane 
of Louisiana. 

The Early Amber cane on\the department grounds did not grow quite sdltall as the 
White Liberian. Its seed-heads were of moderate fullness and of very dark color. 

Plate II shows the Chinese sorgo cane grown on the department grounds. Its 
height is about that of the Early Amber. Its seed-heads are fuller and more compact 
ana some what resemble a head of sumac ; hence the synonym " sumac cane." It is 
aJso known as '* Chinese cane." 

Plate III represents the White Libeiian cane grown on the department grounds. 
This variety is rather taller than the Early Amber. The stalk curves at the top, leav- 
ing the head pendent; hence the synonym "Gooseneck." It is also styled a variety 
of the White Imphee. The seed-heads are shorter, more compact, and of lighter color 
than the Early Amber. 

Plate IT shows the Honduras cane grown on the department grounds. It grows 
about one-half taller than either of the above varieties. Its seed-top is of reddish 
brown and spreading ; hence its synonym " Sprangle Top." It is also called " Masto- 
don " and " Honey cane." 



B. 

MINNESOTA CANE GROWERS' CONVENTION. 

A numerous and intelligent convention of the Early Amber cane growers and manu- 
facturers of Minnesota was held at Minneapolis, January 22, 1880. The Commissioner 
had the pleasure of attending this convention and secured a phonographic report of its 
proceedings. As it embraced men of scientific attainments and of specific acquaint- 
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anoe ifith this new branch of productive industry, the discusaions were remarkable 
foff the Tast number of facts and principles ab:«ady accumulated in their experience. 
Of these it is proposed to furnish, here, an abstract showing the drift of opinion upon 
all the points of culture and manufacture. 

SOIIi. 

There were some differences in the opinions expressed as to the availability of new 
land and, as usual in such cases, experiences varied. Some havinj^ expressed the fear 
that new land will imparfc a strong flavor to the cane-sirup, Mr. Wiley, who had lar^e 
experience in both culture and manufacture, emphatically denied the fact. He said, 
that while old land might produce a sirup oi brighter color it was not at all better in 
taste. An advantage in usm^ new timber land is found in the small amount of cnl- 
tivation required. Costly culture on old laud will not pay in opposition to cheap 
culture on new laud. Mr. Wiley had paid as high as $15 per acre for hoeing. New 
land is comparatively free from ibul seed and consequently less liable to a trouDlesome 
growth of weeds. 

On the other hand Colonel Coleman, of the Saint Louis Rural World, and others 
contended that old land required less cultivation and produced better results. It 
was suggested that if it were necessary to clear old land of weeds or to fei1;ilize it 
with barn-yard manure, a crop of com should be grown upon it before planting the 
cane. The general opinion was in favor of a sandy upland soil, well drained, but not 
freshly manured. 

In regard to manuring, facts were alleged to show that it spoiled the flavor of the 
simp. A farmer had selected for his cane patch an old cow-yard. The stalks were 
tall and luxuriant, but the sirup would nearly "take off the skin of the mouth." 

The great msgority of opinion was in favor of the indefinite repetition of this crop 
on the same soil. The president of the convention mentioned the case of a neighbor 
who had cultivated the same ground most successfully for seven years without 
deterioration, his product ranging from 250 to 300 gallons of sirup per acre. Mr. Day 
and Mr. Dyer, of Hastings, corroborated this opinion from their own experience. The 
latter thought tbat his continued crops improved not only in quantity but also in 
quality. 

The soil required for the cane is not necessarily very rich. A gentleman planted 
several knolls, too poor for wheat, in cane, and realized 200 gallons per acre of excel- 
lent sirup. 

PREPARATION OF THE GROUND. 

The general opinion was in favor of fall plowiag. Mr. Farmer plows in August 
putting the plow to the beam. This caused all fom seed and especially pigeon grass 
to germinate in the fall and to be killed by winter freezing. Another advantage of 
fall plowing was that the crop was less liable to imury from droughts in the early 
season. Mr. Bozarth, of Iowa, after twenty-one years^ experience in raising cane was 
decidedly in favor of fall plowing. In one case a portion of his cane patch, replowed 
in spring, yielded but half as much su-up as that which had been only fall plowed. 
On the other hand, Mr, E. A. Chapman, of Windham, had "demonstrated that a very 
large crof of cane can be raised the first year on the open prairie and at the first 
breakage. '' He had "brokeu 2 acres with the La Dow harrow, harrowing it com- 
pletely, and it produced the best cane out of 5 acres." It was planted June 1, on 
black, loam soil. He believes that with the La Dow harrow "large crops can be 
raised on new breakings." "It did the work so well that several farmers got down 
on their knees to look at the soil ; it looked so much like old soil." Those who practiced 
fall plowing were careful to stir the ground in the spring in order to destroy the weeds. 
Mr. Farmer, when the ground becomes sufficiently warm in the spring, goes over it 
with the Beaver Dam seeder and then with the drag and roller. This treatment ef- 
fectually disposes of the grass, which point was generally considered of first impor- 
tance. 

TIME OF PLANTING. 

There was some discussion on this point. The drift of opinion was expressed by the 
following resolution : 

^^Besolvedy That the cane be planted as early as it is possible to work the ground 
properly, avoiding late frosts." ♦ 

The ground should be well warmed before the seed is placed in it. In Minnesota 
the average seeding time is in the fore part of May, though several growers had been 
successful with plantings still earlier. The president of the convention thought that 
planting should not be quite so early on ground impregnated with grass seed. Mr. 
Wiley Mvised against planting till the season was warm enough to germinate the 
seed quickly. He had had later plantings which produced better than some earlier 
ones. A late spring frost might cut down early plantings and before they grew again 
the pigeon grass was apt to start up profus^y. Mr. Wood had seen a field of cane 
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some 8 or 10 inches higher than a ueif^hboring field. He found that in the former case 
the seed had lain in the ground all winter and the latter had been planted early in 
spring. Experience and discretion were considered requisite to settle for each locality 
the exact time of planting as they are in all other cultures. 

VARIETIES OF SORGHUM. 

In a more southern latitude the cane grower may have considerable range of choioe 
between different varietiesy but for a locality so far north as Minnesota, the Early Am- 
ber, ripening within the productive seasoo, is the only one that can be relied upon. 
The Commissioner of Agriculture, General Le Duo, by request, gave some very inter- 
esting facts in regard to the experiments with different sugar plants under the direc- 
tion of the chemist of the department. The Early Amber cane was tested July 18, when 
the seed-head was just out, and showed 3.77 per cent, of fflncose and 4.43 per cent, of 
sucrose. It was again tested August 16, 29 days afberwaroA, and found to contain but 
1.54 per cent, of glucose, while the sucrose had risen to 14.67 per cent. Here was indi- 
cated a most important chemical change, in which not only the sucrose was enlarged, 
but over half of the grape sugar or glucose changed to cane sugar or suoroee. A third 
examination, September 16, 31 days afterwards^ when the seed was ripe, hard, and 
dry, showed a stiU further enlargement of the sucrose to 15.95 per cent., and a still 
further absorption of the glucose, of which 0.65 per cent, was detected by analysis. 
Another examination, not long afterwards and just following a severe frost, showed 
little or no change, the sucrose had increased to 17 per cent, and the glueose to 1,00. 
These experimental results place the Early Amber ahnost on a par with the best 
Louisiana cane. 

The departmental experiments included several other varieties of sorghum and other 
sugar plants. The Chinese cane was examiQcd at the same times that the Early Am- 
ber, and gave the following results. When the seed-head was just out, there was 5.55 
per cent, of glucose and but 1.85 per cent, of sucrose ; when the seed was hard and 
dry, there were developed 1.85 per cent, of glucose and 13.90 of sucrose ; after the frost, 
the glucose had enlarged to 1.85 and the sucrose had declined to 13.10. The White 
Liberian cane showed its maximum of sucrose 15.30 per cent., and its minimum of glu- 
cose 0.95 per cent., when its seeds were dry. The Honduras, before the seed-head was 
out, gave 5.13 per cent, of glucose and 1.30 per cent, of sucrose ; when the seed was 
hardening, its glucose had fallen to 1.30 per cent, and its sucrose had risen to 15.10. 

The Louisiana cane of 1879 gave a maximum of but 12^47 per cent, of sucrose ; the. 
growth of 1878 gave 16 per cent. The fact seems sufficiently evident that the sorghum 
as a sugar plant contains an amount of crystallizable sugar fully equal to the Loui- 
siuia cane. 

SEED. 

It was suggested that by steeping the seed in warm water for 24 to 48 hours it would 
become sprouted, and hence would grow more rapidly. But, on the other hand, it 
was urged that a dry season would kffl the sprouted seed and the crop would be a fail- 
ure. Nature porvides the most opportune moistening. 

The weight of opinion was decidedly in favor of seed brought from the latitude of 
Saint Louis. Some cane-growers had sent their ^eed to Missouri and Kansas to have 
a cTop grown and its seed returned. Amoiig the decisive facts reported, Mr. Milldr 
stated that his seed imported from Southern Indiana 11 years before had produced on its 
first sowing stalks from 12 to 15 feet high ; but by planting the seeds of each crop its suc- 
cessor showed a declining height of cane until it grew but 7 or 8 feet high. Mr. Wylle 
had averaged, with seed Drought from the South, 273 gallons per acre : the following 
y^&T^ using his own seed, he obtained but 223 gallons, a falling off of 50 gallons. The 
president of the convention had found, as a general thing, that the deterioration of 
seed was not very marked till the third year. The Southern seed did not excel so 
much in an earlier ripening of the crop as in its increased product, the excess, in some 
cases, amounting to one-third. The sentiment of the convention was expressed in the 
following resolution: 

" Resolved, That Early Amber cane-seed, grown in the latitude of Saint Louis, is the 
best seed for Minnesota*^ for two years." 

The seed has a value of its own for consumption on the farm. It was pronounced 
excellent for feeding hogs, sheep, or poultry. The 5 or 6 tufts growing upon a hill of 
cane were estimated as equal in feeding value to three average ears of corn. A mem- 
ber of the convention pronounced it equal to oats. Another had found that the seed 
fed to sheep made the fleece look lively and polished. 

PLANTING. 

Plant just deep enough to secure moisture. Hence, earlier plantings should be shal' 
lower than late ones. There was some difference of opinion as to the arrangement of" 
the hills. The president of the convention, Mr. Kenny, plants in rows 3^ feet each 
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way and uses 2 pounds of seed per acre or 6 or 7 seed to the hill ; at the second hoeing- 
he thins them out. Mr. Day marks the rows 3 feet each way. Seed should he planted, 
not down in the trough of the marking furrow where a heavy rain is apt to wash it 
away, but on the edge. Mr. Wiley plants from 15 to 18 inches one way and 3 feet the 
other way, the rows running north and south, thus doubling the number of hills planted 
by Mr. ©ay. A tract of 4 acres sown broadcast was reported as producing at the rate 
of 450 gallons per acre. 

Mr. Miller practiced stepping upon the seed as they were placed in the grounds 
Several planters present sanctioned this practice, urging that the close pressure of the 
soil around the seed enables it to germinate more rapidly. It was objected that step- 
ping the seed caused the ground to bake, but it was replied that this was the case 
only with wet clay ground. f 

CULTIVATION OF THE CROP. 

The leading point presented in the culture of cane is keeping it clear of weeds. Thi» 
requires prompt action with the hoe, drag, and cultivator. A grain farmer suggested 
the use of Thomas's harrow, of 90 steel teeth, but the general sentiment was that the- 
cane-plants were too tender for apy such treatment. It should be thoroughly hoed 
until large enough to cultivate with the plow or cultivator. 

TIME TO CUT THE CANE. 

Mr. Whiting had found the best results from early cuttings, but admitted that iu 
^he later cuttings it was the extreme hot weather that had changed the sucrose to glu- 
cose. The president thought the propei; time was when the seed is in the stiff dough,, 
or £x>m August 28 to September 1. It seems to improve for a few days, but afterwards 
it begins to decline in saccharine matter. The earlier the catting after the seed has- 
reached the dough stage the larger the product and the brighter and cleaner the sirup. 
The question of suckering was considerably debated, and facts both |wo and con were^ 
alleged, but the convention expressed no collective opinion. 

HARVESTING. 

The question of stripping the leaves elicited considerable discussion. On the one 
hand It was urged that if the leaves were put through the mill with the stalk they 
would absorb a large portion of the juice. It was replied that this would not be the 
case with mills of sufScient power. Force enough should be applied to express the^ 
whole of the juice. 

It was complained that cane-growers lost a great deal by purchasing cheap and poor 
machinery. One gentleman estimated the cost of stripping the leaves before cutting 
at 1^15 per acre. Some advocates of stripping were disposed to admit that it would not 
pay unless labor were plenty and cheap. The Commissioner of Agriculture stated that 
the department experiments showed little or no difference between stripped and un- 
stripped cane, although the department mill was an indifferent one. Several urged 
that if the leaves were dry they would not in any way affect the quality of the sirup.. 
The convention did not express any general opinion upon this point. It was consid- 
ered of first importance that the tops be completely removed, as a single top sent 
through the mill would spoil a large amount of sirup. 

The cane should be cut, some say, 6 or 8 inches from the ground, and others, at 
the first joint. The top should also be cut off from 18 inches to 2 feet ; there is no 
sweetness in either the tops or the roots. Some planters laid the cane in windrows, 
and others were opposed to the practice as exposing the leaves if not the stalks to 
mildew. The storing of cane after cutting started discussion. Some insisted that it 
should be immediately placed under cover to avoid the evaporation of the sun's rays. 
Others piled in ridges 4 feet high, and covered the mass with marsh hay. To this it 
was objected that the lack of ventilation would spoil the cane. To obviate this diffi- 
culty some planters were in the habit of laying poles along the piles every 2 feet, in 
order to admit fresh air. Some would pile it as cane is sometimes piled in the field, 
crossing the hills in such a way as to secure ventilation and to shed the rain. Cane 
that had been kept in these different ways for several weeks were reported as having 
produced large and fine sirup products. One planter produced juice that ranged from 
7 to 10, from cane that had been stripped and covered with leaves, while other cane 
of the same lot, that had been ground with leaves on, ranged as high as 12. Dr^ 
Goesman, of Massachusetts, was quoted as saying that there was a gain of 3 per cent* 
by being allowed to lie with the leaves on. One planter had found such cane to test 
11, while stripped cane tested only 10. The higher per cent., however, was by many 
attributed to the evaporation of the watery part of the sirup, leaving the saccharine 
matter in larger proportion to the residue. Others had not found the juice to be any 
sweeter after evaporation. 
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TRANSPORT OP CANE TO THE MILL. 

Mr. Wiley tliougbt it would pay every farmer to have his own mill. The price of 
the sirap in the market ranged from 35 to 50 cents per gallon. The mill owner will 
charge from 15 to 25 cents per gallon ; if to this be added a charge, say of 10 cents per 
gallon, for hauling to a distant mill, it is easily seen that the grower gets but a small 
proportion for his labor. It cost the president $19.14 to haul the cane of 12 acres — 
part of it near the mill, and the remainder about a quarter of a mile away. It is bet- 
ter for the farmer to have the profit of manufacturing the cane as well as of raisinj; it. 
In moving the cane from the field there was a strong expression in favor of bundling 
it. Some would decapitate it with a broad-ax, after binding. Some used a common 
dump-cart with an elongated box. The points kept in view, both in the transporta- 
tion and in the storing of the cane, were protection from the weather, and such ven- 
tilation through the mass as would prevent mildew. 

GRINDING. 

The first step in the manufacture of sugar and sirup is the grinding or crushing of 
the cane to express the juice. Mr, Miller saw men at work with a very indifferent 
apparatus, which extracted but a small portion of the juice. On remonstrating with 
them he was told that if you extracted too much of the juice it soured the whole. This 
ignorant prejudice assumes what chemical analysis and intelligent experience has 
exploded — that only a portion of the juice is fit for evaporation. The almost univer- 
sal expression of the convention was in favor of extracting the last possible portion of 
the juice. For* this purpose the most powerful mills were considered as essential to 
the working of the crop. The president, Mr. Kenny, has a mill weighing 4,000 pounds, 
with rollers 16 inches long and 16 inches in diameter ; with a 24-horse power engine 
it expresses 4,000 gallons of juice per day, getting from 65 to 70 percent, of the juice in 
the stalk. 

Mr. Keating had a small mill, expressing about 75 gallons per day, that worked very 
well, cutting every stalk at the joints ana feeding 8 to 15 stalks at a time. Mr. Whit- 
ney says that small mills, like the Victor, if not too much crowded, will crush the cane 
perfectly dry. Clark and litter's mill, manufactured at Dodge Center, with back 
gearing, was reported as a very efficient mechanism ; its cost was $100. The general 
sentiment was that the milling machinery should be sufiiciently powerful to obtain 
the largest practicable per cent, of juice in the stalk. It was estimated that Minne- 
sota farmers had lost thousands upon thousands of dollars through the use of poor 
machinery. Mr. Whiting gave a humorous account of his efforts to construct a wooden 
mill, which amounted to nothing. 

In regard to the method of feeding the mill, .it was urged that the caue should be 
inserted evenly, and with the butt ends foremost. The supply should be regular and 
up to the normal capacity of the rollers. It is not desirable that it be full at one time 
and half full at another. There is a considerable art in properly feeding a mill. An 
incompetent feeder will clog it up, from time to time, by an irregular supply. 

TREATMENT OF THE JUICE. 

After a thorough extraction of the available juice in the cane, the next step is its 
evaporation and defecation. Heat is the great agent in the clarification of the juice. 
Hence Mr. Earle claimed that the most important element in the whole process of 
manufacture is a good furnace. He would select a hillside fronting the direction of 
the prevailing winds in September, so as to secure as great draught as possible; 
place the furnace on a level lower than the mill, with a fall of at least 10 feet. With 
a furnace in this position, properly constructed, he has had but little difficulty in 
throwing a fiame 16 feet higher than any ordinary height of stack, using the bagasse 
as fuel. It can be done also with light wood, but not with heavy wood. The fui'uace 
must have a ventilating flue. Mr. Wylie had scared his horses at night by the bright 
flames coming out of his stack. The president, Mr. Kenny, suggested it was not just 
the thing to send the heat in flames 15 feet above the stack ; all that can be utilized 
is that which operates under the evaporating pan. Under the instructions of Mr. S wartz 
he had reconstructed his arch so that instead of a great blaze at the top of the stack 
there was an intense heat under the pan. 

Mr. Earle had arranged his pans on different levels so that the back pan was 7 inches 
higher than the other. Mr. Dickenson followed the directions of an expert in the 
construction of his furnace, but could not get the back part of the pan to boil till he 
had torn out the furnace and reconstructed it in accordance with his own ideas. He 
raised his stack from 15 feet to 28 feet and would prefer at least 30 feet. To control 
the drsftight he put in dampers. He adopted other contrivances for concentrating the 
^eat under the pan. As cord- wood was too coarse, he hired a man to split it fine. 
Oak and maple were unfit, but basswood, poplar, and other light, free-burning kinds 
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will just meet the demands. The more rapid and Intense the heat under the pan, the 
more complete the evaporation and defecation of the juice. Mr. Miller, who had for- 
merly shared Mr. Dickenson's prejudice in favor of litfht wood, saw a counter-demon- 
stration in Mr. S wartz's factory. There heavy red oak and jack-oak sticks wer^ made 
to produce an intense heat hy mingling them with coal. Mr. Swarfcz's arch was 2 feet 
deep and 2^ feet wide. It is host not to cramp the arch, but make it wide enough for 
the emhers to spread and present a broader heating surface. 

There were^differenoes of opinion in regard to smoke-stocks. The prevailing tend- 
ency to make the pipes too small was noted hy several speakers. One memher stated 
as a scientific principle that the cubic contents of the stack or chimney should be at 
least two-thirds of that between the grates and the fire. Mr. Miller thought Mr. 
Swartz's chimney a perfect pattern. It was 35 feet high, and from 2 to 3 feet in diam- 
eter. No fiame came above the stack at night. The width of his own fire-place is 
about 30 inches, with which he is able to boilas fast as desirable with dry basswood 
and poplar. 

Mr. Swartz does not break the scales off his pan, but lets them remain till they 
become loose of themselves ; then they would be removed in the daily cleansing of the 
pans. He finds that the Liberian cane deposits a scale entirely different from the 
Early Amber. The sirup of the former does not turn nearly as early as that of the 
latter. Mr. Wylie gets rid of them by burning a forkful of straw under the pan when 
it is perfectly dry and clean. Then under the quick flame the scales will blister and 
fall off. 

Mr. Wylie for five years had used the " Cook " pans. A neighbor, Mr. Stubbs, had 
made a new one, that is patentable, costing but $35, while Cook's cost $90. It is from 
14 to 16 feet long, and has two partitions in it. It easily makes 100 gallons a day, a 
result requiring hard labor with Cook's pans. One man, with two of Stubbs's pans, 
can easily make 200 gallons a day, and read the newspapers besides. This opinion, 
however, was far from unanimous. A member had used Stubbs's pan for two years, but 
was dissatisfied vrith its results. It employs the principle used in the Faribault 
refinery in the collection of the skimmings. Mr. Wylie described the ** Stubbs" pan 
with the aid of a diagram ; sides 14 inches high, 36 inches broad on top, 16 feet long. 
It is arranged with a center foundation so that it cannot burn ; the heat is cut off with 
a damper. In producing 2,725 gallons of sirup, Mr Wylie had used 4^ cords of wood, 
at $1.25 per cord. The center arch is within 5 feet of the flbont of the pan. It is set 
level. Five years ago the Cook pan only was used in Medina, Minn., now not one is 
in use there, while twenty Stubbs pans are used. It is better than the Blymyre pan 
because it skims itself, and there is no clinging of the skim to the sides. 

Mr. MUler had invented an attachment to the Cook pan, which overcomes all the 
difficulties heretofore complained of. Cook's pan, with this attachment, runs the juice 
in and the sinip out without change. It does not discolor the sirup by reboiling. 
Hence the sirups made in Cook's pans are clearer, and freer from muddiness, than other 
sirups. Mr. Wylie denied that sirups boiled in the Stubbs pan were at all muddy, and 
showed a very fair specimen. The merits of different pans were presented at some 
length by different speakers. 



C. 
ILLUSTRATIONS OF SUGAR MACHINERY. 

The following illustrations of the mechanical processes of sugar-making in different 
parts of the world are not intended to advertise the business of the manufacturers who 
have so kindly furnished cuts of their machinery for this report, but to present to 
farmers desiring to engage in sugar-production type specimens of approved methods 
of working up the cane. There are other manufacturers whose models do not appear 
in this report, who, doubtless, are able to furnish machinery at reasonable prices. 
The purpose of these illustrations is to present to sugar-growers some of the facilities 
which the market affords for their enterprise and to put them upon inquiry as to 
whore they can obtain the best machinery and at the lowest prices. 

Plate V shows the Victor caue mill, an apparatus in very common use. It is con- 
structed with vertical rollers on a plan suited to horse-power, or with horizontal roll- 
ers for water or steam power. The horizontal mills are fitfcod with extra gearing, are 
necessarily heavier and require greater niotive power to accomplish the same result. 
Plate V shows the vertical mill, of which seven .sizes are on the market ; the smallest 
is a 1-horse power mill, running 40 gallons of j nice per hour, and weighing 395 pounds, 
at a cost of $48; the largest is a 4-horse power machine, 1,900 jiounds weight, running 
170 gallons per hour, and costing $230. • 

Plate VI shows the vertical Victor mill, with the horse-power operating in a lower 
story. The advantages claimed for this- arrangement are, 1, the mill is more Steady J 
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2, horses and cane do not interfere with each other ; 3, the bagasse is more easily re- 
moved ; 4, the jaice flows down into the evaporator. For five different sizes the prices 
are |90, $105, $140, $155, $240. 

Plate VII represents a horizontal Victor mill adapted to steam or water power, of 
which three sizes are in the market, viz, No. 1, weighing? 2,200 ponnds, and valued at 
$250; No. 2, 3,500 pounds, $350; No. 3, 4,000 pounds, $450. 

Plate VIII, Fig. 1, represents a portable "Cook" evaporator, of which three sizes 
are for sale. These pans are 44 inches wide and from 6 to 9 feet in length, ranging 
from 40 to 90 gallons per day. When the pans are of galvanized iron, the prices are, re- 
spectively, $65, $75, and $S5. With copper pans the prices are from $55 to $70 higher. 
Each contains a portable furnace. The whole can be lifted into a wagon by two men 
and transported from field to field with a light Victor mill, and thus save the transpor- 
tation of the cane. 

Plate VIII, Fig. 2, represents a " Co«»k " stationary evaporator, of which thert* are 
seven sizes, adapted to corresponding sizes of the Victor mills. They are bedded upon 
brick or stone arches, and are 44 inches wide, ranging in length from 6 to 15 feet. 
Their capacity is from 40 to ISO gallons per day, and their price from $30 to $90 for 
galvanized-iron pans, and from $80 to $210 for copper pans. Fnmaee fronts and doors 
cost from $5.50 to $8 ; grates, from $4 to $8. 

Plate IX represents still larger sizes of these pans. 

Plate X represents a complete sugar factory, the size and cost of which must neces- 
sarily vary with the number of acres of sugar-cane to be worked up. A fc the juice- 
tank; the juice, after runniog from the crashing -mUl into a tank on a lower level, is 
pumped up to the juice-tank in the ujpper portion of the building. B is the defecator 
for the elimination of crude impurities. C C are settling tanks; D, supply tank from 
which the evaporator is fed ; E, a Cook evaporator ; F, supply-tank for the strike-ptm ; 
G, strike-pan, in which the semi>sirup is reduced to the proper consistency for sugar ; 
H H, receptacles for scum ; I, truck for carrying the simp to the sugar room ; J, the 
sugar-room, with cooling-boxes, barrels, &,o. ; here an even temperature is kept up to 
assist granulation ; here, also, the sugar is drained and stored. 

Plate XI represents a steam plant, or steam train, consisting of a duplex mill for 
grinding the cane. It has two sets of housing, and each set two rollers. Each stand 
of housing and rollers is placed 6 or 8 feet from centers, and the intermeiiiate space 
occupied l^y an endless carrying- frame traveling in the same direction as the rotation 
of the wkeels, aad at the same speed. The cane is fed to one set of rolls, called the 
roughing-roUs, which slit and crush it. It is then received by the carryiitg-frame of 
wooden slats and carried to the other set of rolls. It is moistened, on its way, by a 
spray of water thrown by a steam jet. This saturates and fluxes the sucrose, not yet 
extracted, which is then obtained. This residuum, though diluted with water, is the 
richest of the whole. This mill, when properly fed, wul grind from 5 to 6 tons of 
cane in twenty-four hours. 

Plate XII is a vertical view of the last. 

Plate XIII is a defecating tank 8 feet long, 5 feet wide, and 2 feet deep. Over the 
bottom is spread a manifold of steam pipe, and contains a strainer through which the 
juice, perfectly clear, can be drawn ofl:*. The tank may be cleansed with pure water 
for a fresh filling. Each tank-full can be handled in thirty minutes. Two of these 
tanks are connected with the mill, and are ample for defecating 600 gallons per hour. 

Plate XIV represents an evaporator 6 feet in diameter and 4 feet deep. Each is 
furnished with coils of steam-pipe 125 feet long, and a diaphragm directing the cur- 
rents of evolution over the steam-coils up the outside and down the middle axis. In 
the center of the pan is an adjustable, fannel-shaped skimmer, which may be raised 
or lowered, so as to be on a level with the surface of the boiling juice. It catches all 
the scum gathered by the currents and delivers it through a pipe penetrating the bot- 
tom, outside of the evaporator. Two evaporators will reduce 600 gallons of defecated 
juice to one-half the volume in an hour and a half. 

Plate XV represents the concentrator, which differs from the evaporator by having 
a closed top and a water-jet condenser, producing a vacuum. In this vacuum 6()0 
gallons of evaporated juice are reduced to 200, or only one -sixth the volume that en- 
tered the evaporator. This reduced liquid is called semi -sirup, and can be stored in* 
tanks or shipped in barrels to a refinery, or reduced to a dense simp in a vacuum-pan 
constructed very much on the same plan as the concentrator. 

A complete sugar-mill, embracing the above apparatus, with engines, boilers, cen- 
trifugikl dryer, tubs, tanks, and all other necessary appliances for making sirup and 
sugar, will cost about $10,000. 

Plate XVI represents a very heavy crushing mill. The smallest size of this series 
of mills has rollers 12 inches in diameter and 20 inches long, expressing from good ripe 
cane about 150 gallons of juice per hour^ Larger sizes do a proportionately larger 
share of work. 

Plate XVII is an " exhaust steam clarifier." Heat is applied to the juice ; the albu- 
men is coagulated and the acid nentralized by milk of lime, which also renders insol- 
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uble siiudry soluble impui*i ties and precipitates them. But as au excess of lime attacks 
the sugar in the juice it is of special importance that its quantity be regulated. In this 
clarifier this is done by means of a vessel graduated by inches, each inch correspond- 
ing to 4i cubic inches of milk of lime. The total quantity of the lime ranges from 
0.01 to 0.03 per cent, of the total weight of the juice. When the proper temperature 
has been acquired, the scum rises to the top and begins to break and show bulbs. 
The proper point of defecation is then considered to have been reached, and the clari- 
fied sirup is drawn off by means of a double cock in the bottom of the defecator. The 
scum and precipitates are discharged through another channel. 

Piatt' XVIII is a ** direct steam evaporator," which receives the clarified juice from 
the steam clarifier shown in Plate XVII. The juice is boiled by means of a coiled steam 
pipe. The resulting scum boils over into a trough around the upper edge of the evap- 
orator and is itself subjected to defecation afterwards. 

Plat-e XIX represents a ** steam train" of three clarifiers and one evaporator, repre- 
sented in Plates XVII and XVIII. This steam train requires but few men to work 
it and is very cleanly in its action. It dispenses with pumps and ladles. The sirup 
is fuUy prepared for the vacuum-pan. 

Plate XX represents a vacuum-pan. This pan can be placed upon* framing or walls 
built up in the house, but it is considered preferable to support it upon iron columns 
as in the plate and independent of the building. The elevation should be sufficient to 
admit of discharging the "strike "into the "centrifugal mixer." The plate shows a 
vacuum-pun arranged to work on the " wet " system ; that is, in combination with a 
water-pump. The sirup is boiled at a very low temperature, producing a larger quan- 
tity and a better quality of crystallized sugar, yet the boiling is so rapid that the 
sugar does not get time to become inverted. Heat is applied to the sirup by means of 
a coil of copper pipe filled with steam, which, on being condensed, is conducted back 
to the boiler. 

Plate XXI represents a combination styled " Multiple effect." It embraces a direct 
. fire evaporator for the first juice, working under a vacuum in connection with a strike 
pan with the combined water and vacuum pump, also the mixer and centrifugal ma- 
chine. This machinery is especially designed for making sugar firom sorghum and corn- 
stalks. The process consists in boiling the juice in a tubular or cylindrical boiler very 
similar to a steam-boiler, the fuel being only the bagasse. The vapor is conducted by 
pipes to the valves in the vacuum-pan and admitted to the copper coil which serves 
as a surface condenser, A vacuum-pump draws off the condensed liquid and the 
vapors. As the liquid thickens it is passed to the strike-pan where, by means of a 
higher vacuum, the boiling is perfected into crystal. It is then discharged into the 
mixer, where it is gently stirred to prevent " settling." It is then drawn through 
valves in the bottom of the mixer into the centrifugal, where the molasses is eliminated 
and the granulated su^ar fitted for packing. The molasses is discharged into a tank 
and rebelled, after which it is passed into cans and allowed to granulate ; finally, the 
molasses is eliminated, as in the first run. The only use of a steam-boiler in this process 
is to drive the cane-mill and the centrifugal, which will require a small engine. This 
feature is claimed as a special advantage in cutting down the expense of tne process. 
As there will be no very heavy pressure there is no danger of explosion, and conse- 
quently the boiler may be made less expensive. This method of reducing in vacuo pre- 
vents caramelization, as the air is kept off and only a low heat employed. The prices 
of this apparatus vary with the results to be obtained. 

Plate XXII represents a form of centrifugal machine called the " German style." It 
runs in elastic bearings and does not require to be set in masonry. Its manufacturers 
claim that it will purge from 1,000 to 1,500 pounds of sugar per hour. Price, $400, with 
|I0 extra for boxing. 

Plate XXIII represents a " Hanging centrifugal machine," especially adapted to cer- 
tain classes of gummy sugars. It requires no specific skill in the operator. Price, 
without frames, $775; with frames, $955, or $900 each for two machines ; boxing, $10 
for each machine. It is larger than the German machine described in Plate XXII, and 
discharges the sugar through the bottom. It will purge from 2,0O0 to 4,000 pounds of 
sugar per hour. 

Plate XXIV represents the latest improved centrifugal driven from below. It will 
purge from 2,500 to 5,000 pounds of sugar per hour. Price, with frames, $ 1, 000 ; two ma- 
chines, $950 each ; a machine without frames, $S50. The sugar is discharged through 

the bottom. 

Plate XXV, Fig. 1, is a cheap home-made evaporator, which can be put together by' 
any ingenious mechanic. It is constructed by putting wooden sides and ends upon a 
galvanized iron or copper bottom. ^ 

Plate XXV, Fig. 2, is a pan for cooling sirup sent by a correspondent. ^Its method 
is sufficiently clear from the diagram. 

Plate XXVI represents a newly-invented '*' evaporator." It is available either for oon- 
eentrating eane-juice to the density of sirup to be ftnishod in the vacuum-pan or, if 
the vacuum pan is not used, directly up to the point of granulation of sugar. Th 
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defecated jaice is brought throngli a canal sbo-^u^on: tiUe ^t'e£ tb^ picture and de- 
posited continuomly in the first table of the evapoi^torl • ^"frhen it if48^£Coqciiit&d a depth 
of two inches steam is introduced into the pipes and ebullition immediately commences 
and the impurities begin to rise. The latter now outward to the sides and are held there 
by a constant outward current. They may be removed without any waste of the juice. 
The discharge of water resulting from condensation is regalated by a valve. The gate 
is then opened and the juice is passed to the second table where it is subjected to the 
same process, and then to the third table. By the time it is ready to pass from the 
third table it is reduced to a density varying, feom 18° to 32° B. It then passes to the 
strike-pan on the fourth level where it is brought up to the sugar point. It is then 
drawn, either in a continuous stream or by ** strikes," into molds or hogsheads. Not 
less than 15 hogsheads or 30 moulds should be ready for the sirup. These should re- 
ceive, each in its turn, about 2 inches depth of the liquid, and when the last liajs re- 
ceived its quota begin again at the head of the series. This method of filling gives 
the sugar time to crystallize a"d cool ; it dispenses with tanks and with a second hand- 
ling. It is claimed in behalf of this apparatus that its elimination of impurities at th& 
commencement of the operation, the limited time in which the sugar is subjected to 
the heat, and the low temperature used, causeonlyaminimumof in version of cane sugar 
into grape sugar. An apparatus producing a cubic yard of sugar per hour is 29 feet 
long by 7 feet wide. It will require about 4,000 bricks to construct the walls. These 
trams are of all sizes desirable, with capacities ranging from 100 gallons per day to 
1,500 gallons per hour. Prices from $50 for two small pans to $3,000 for large trains 
comptete. 

Plate XXVII represents the Stubbs Evaporator. The first cut shows the pan with 
two compartments. The first occupies three-fourths of the pan ; the second compart- 
ment the remaining fourth. The juice enters the first compartment near the smoke- 
stack in a regular stream, passing around the circle over the fire-box to cross-parti- 
tion3, where it thickens to a semi-sirup. Being over the hottest part of the furnace, 
it raises to a light foam, which breaks to the lowest point where the cool juice enters, 
not only keeping back thejgreen scum, but carrying all the scum off of thirty fe^ sur- 
face, where it is scraped ofTwithout loss of sweet. The semi-sirup is turned into the 
second compartment at intervals to be finished under full control of heat governed by 
dan^pers. When done, to be run off with scraper, letting semi-sirup follow. Boil rap- 
idly with two inches juice in order to cleanse well. 

The second engraving represents the furnace. Should be built of brick, with eight- 
inch wall fourteen inches above fire-grate ; the balance seven inches. A sectional arch 
with one damper in center, hinged at the back end to swing to back wall ; also dam- 
per across the mouth of left flue. The smoke-stack stands back as the cut indicates.. 
The smoke-stack should be 16 teet high, 14 inches diameter. 

Price qf evaporators* 

GalvaUieed ixon: 

Ko. a», 16:feet loag by 40 incbos wide |50> 

No. 20, ISfeet long by 36 inefaes wide ,..- 40 

Charcoal iron: 

1*6. 20, 1:6 feet long by 40 inches wide , 40 

15o» 20, 1« feet long by 3(5 inches wide.--- , 35 

Plate XXVin represents the mill, evaporators, dec, on the grounds of the Depart- 
ment of Agriculture at Washington, where the experiments oith© last two yea^ were 
performed. A description will be found in the chemist's report. 

SUGAR-MAKING AMONG THE HINDOOS. 

In 1822 the English East India Company published an exhaustive report upon "the 
culture and manufacture of sugar in British India." In the appendix is printed an 
extract from "Dr. Buchanan's journey from Madras, through Mysore, Canara, and 
Malabar, in 1800." The following illustrations present the processes in use among 
Hindoo sugar producers at the beginning of the present century. 

Plate XXIX represents a sugar-miU consisting of mortar, beam, lever, pestle, and 
regulator. The mortar is constructed of a tree trunk, and is about 10 feet long and 14 
inches in diameter, and is sunk 8 feet in the ground, leaving but 2 feet above the sur- 
face. The upper end is hollowed into an inverted conical depression in which the cane 
is crushed by a pestle, the juice being delivered by a tube running from the lower 
part of the mortar. Around its edge is a groove which receives what juice may over- 
flow and conducts it by a pipe into the main receptacle. The beam is a portion of a 
tree 16 feet long and 6 inches thick, cut below the forks. The angle is enlarged and 
rounded, so as to embrace the mouth of the mortar around which it revolves, supported 
by a flange. The forks are then drawn together. On this beam are seated the mill- 
feeder and the ox-driver. The lever holds the pestle in its place, being held at one 
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«nd by aAji^r*gW^i6j3bx)t^ttmb^E: railed the regulator, to which it is pinned, and at 
the othe^'^^^e hy'ro^S. ' The revoiutioh of thepestle upon the small cut cine expresses 
the juice ; the bagasse is removed by hand. The shape of the lever and the cavity in 
which it receives the upper end of the pestle causes the latter to revolve oh an oblique 
axis ; the lower end of the pestle is conformed to the conical depression in the mortar 
so that the cane may be subjected to the closest pressure. It is scarcely necessary to 
repeat the observation of Dr. Buchanan, that the machine is badly contrived. Tlie 
sugar-makers of the village have each his turn at the mill, which is run night and day till 
all the crops have been worked up. The mill grinds about 56 pots of juice, or 218 
gallons, in 24 hours. The oxen are driven at a rapid gait, and require to be chiinged 
several times during the day and night. 

Plates XXX and XXXI represent modified forms of the Indian sugar-mUl. The 
principle of pressure is the same in all, being the revolution of a pestle on an oblique 
axis in the conical depression of the mortar. The modifications are shown with snfiS- 
cient clearness in the plates. 

Plate XXXII represents a set of sugar machinery in use at Burdwan, near Calcutta, 
in 1792, as described in the minutes of the Indian Board of Trade of that year. The 
mill consists of two small wooden grooved cylinders working in a horizontal plane and 
propelled by two men turning spokes connected with each cylinder. This apparatus 
seems to be very inefficient compared with what waa employed on the West India su- 
gar plantations, but it is cheap, and worked by cheap labor. Heavy iron cylinders 
brought from England at great expense were unable to compete with the native ma- 
chinery on account of the greater cost of working. In the left rear of the sugar-mill is 
seen a furnace with earthen pots for the boiling of the juice. The furnace is shielded 
from the weather by a shed open at the sides. The juice is dipped from one pot to 
Another till, in the judgment of the boiler, it is sufficiently condensed. In this state it 
is called goor, a word which has no equivalent in English. The English in Hindoos- 
tan confound goor, sirup, or molasses under the general name of jaggary. 

The goor goes to the myrah or boiler, who purifies it by diflferent processes. The gen- 
eral method is that of boiling. Sometimes the molasses is first drawn from the grain 
and the goor is then boiled with milk, or with milk and water. In other cases the 
goor is only boiled and purified. Milk, lime, and lye from plantain ashes are used to 
cleanse and granulate the sugar. When boiled sufficiently it is put into earthen pots 
and two sorts of aquatic weeds of a supposed alkaline quality are used to drain off the 
sirup as clay is by European refiners. Clay is also used in some parts of India. Sugar 
thus prepared is called cheenee. Variations from the above methods are noted as prev- 
alent in different parts of the country. 

STEWART^S PROCESS. 

Plate XXXIII represents the necessary addition to the ordinary sprghum machinery 
if the process of Mr. F. L. Stewart, of Murraysville, Pa., be used in making sugar. 
The plate illustrates the mode of using his powder B. H is the heatin^-tauK, D the 
defecating-tank, from which clear juice is passed from the heater H. A stout, weH- 
hooped half-barrel or ten-gallon cask, C. stands alon^ide the defecating tank, the 
head of which is pierced with two holes, at opposite sides, one five-eightlw inch and 
the other one and a quarter inches in diameter. F is a lacquered funnel, with a gum 
ring fitting around itis neck ; r a plug, with gum fittings to insert tightly in the throat 
P, and a piece of rubber tubing, B. 




EABLY AMBEB CANE. 

n npoD the Deputment groun Is larlng the K 




CHINESE SORGO CANE. 
Syuonym : Sumac Case, Cuikese Cake. 

ID iipvii.tbe Department sroundg dtuiiig the uaaeu c 




WHITE LIBEEIAN CAKE. 

Syuouym: Goose Kkck. Wliitu Ii.ipUee. 

[QroirD on tha ni>p.irtidvut aioiiniln iluiLii); llie ai'asoii of 1879.] 




HONDURAS CANE. 
SyuoEjiuB: M*sTODON, Spranglk-top, Honey Cane. 
(Giomou the DeputmenC groanda dnring the leiiaaDOf 1S7>.| 




\ICrOR CANE MILL (^ERflCAL) 
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VERTICAL TICTOR MILL 
[With hone-power below.] 




HOEIZOSTAL VIC-TOR MILL. 



Fig. 1. 




rORTABLE COOK EVAPOKATOR. 
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COOK STATIOKAKY EVAPORATOR. 



Plate XI. 




MCDOWELL'S STP:AM PLANT OR TRAI]S. 




MCDOWELL'S STEAM PLANT OE TRAIN. 

[Vertical view.] 




MCDOWELL'S DEFECATING TANK. 




MCDOWELL'S EVAPOKATOB. 
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MCDOWELL'S CONCENTRATOR. 
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EXHAfSr STEAM CLAUPKR. 




DIRECT STEAM EVAPORATOR. 
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\ACrUM PAN. 
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"OEKMAN STYLE" CENTRIFUGAL. 



Plate XZIH 




HANGING CENTRIFUGAL. 



Fig. 1. 




COMMON FLAT KVAPORATING PAN. 
■Wooden eldea and partitioB. 



Fig. 2. 




COOLING PAN. 

The hot simp passes tboragh tbe irtm pipo immetsed tn cold w. 




STUBB'S EVAPORATOR. 




SUGAR MILL IN HINDOOSTAN IN 1800 




SUGAK MILL IN HINDOOSTAN IN 1600. 




SUGiR MILL IN HINDOO'.TAN IN 1800. 





MACHINERY USED IN STEWART'S PROCESS. 
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